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LlJ rl!3" ~ nx:, # ilPii'f V))h.-f-, * ii ~ ~. 1:. 83 ~ c:, ff JII rf!r 
••**~*B~ftM~~*-~ (~ff:~ffi~Bft~) 
(-']Z)jjt 9 if llfl 288 ~it) 
mtA!1!lti~'!in1u~~25:ti-M*t L, l B~t.:~(J) 
caffeine m:irur 1: J: 0 -C :t-:i:m~ff (L ff) t ::k:i:HOfl 
ff (H ff) t 1: 5Ht, double-blind cross-over design 
(caffeine (CAF) ff : placebo (PLA) ff) (J) ~ t 1:, 
caffeine W: ~ ( 3 mg/kg B.W.) 1: J: 611!¥JJtt!:~Je~f1 
(AEP) tni!JiBt(!)~fti-~!tLt.:o ljLf,! · lJlffi~~iP 
G AEP t ij~il!t i-W:~ifrif&1: ;b t.:-? -c ~llif tr-J f: acJlk L, 
!Uttr-J f:9.!hJ:!11. L f.:o caffeine W: ~ff(!) AEP (J)~:i'. 1J: ~ 
ftli N 4, P 5 mt5J'i- g:i{,1:~il6 G n, i!ll¥W:*11H&f:ffi 
~M-iJi\~::j,' L t.: o ij~iBt(J)~:i'.IJ: ~1tli~-C, a w~ power 
%(1)±ti1Jot o, e, ~~w~power %(J)~y-r:·~0t.:o 
:::..(1):::.. t iPG, caffeine f:ti, :;kij~S[1/{(J) - .:j,:JU¥j}tffil' 
G= .:):!U¥JJtfffti6:1:i3ft 61JE:i!f'l=ffl t t ~ 1:, ~Mf'l=ffl 
ifjjjllliff:f?:(f-t 61JJ'{j~·tiil'7F~ ~ ht.: o ~ G f: CAF(H) 
!lf-C1i, J!.li'ff(J)3!J]ffjlJf'1=ffl(J)f?:(ft, CAF(L)ffJ: ~J:i! 
< !I!! li' · ji M (J) 1'1= ffl ii' tl:\ ;ffl. L t.: :::.. t iJ, G , caffeine g:i Wf 
1: J: 6 ~~tt(!)Jtj!iJ,ff-~ ~ nt.:o 
caffeine 1i ::i-1::::- · *I~IJ: c'(!)IJtH£f:-a-i n, 7 
Jv ::i -Jvffi-t-> 7 1"::i t jjj.11*, ft-"' (J)&=_i\§-f:i* < i'j:~ L -c 
1.t, 6 ii'il' ~ -c 7'J: < , Hfi:;n., ~."&~-? 1fn. ~!Jt*ttEJ1m'i 7'J: t' 
f:M-t6~~Jt L-C, iii~1:~J;Gffl~h-Cv'61. 2\ -
1J, caffeine (J)::k:l:m~i: J: 0 -C:if't21UHr f:ffif.!;J, Lt.: 
;'jJJ;Ji;iJ,tl:\lJ! Lt.: t "' "J Greden (J)l974if=.(1)$1l-JS"3) i- Ii t 
il6 t L -c, f?Rf? ~ -a-il6g:illlt$wfif-(J)g=i:jl;fil'.~;Ji;f:"".:)1.t>-C(J) 
liJf~ ~ ~:;¥:i-q:i{,1:$R{s-~ ;/'l -Cv>,64\ 
caffeine f: MT 6 &:J:!l!.~tr-Jli}f~5l ~ ~~$R-is- ~ ;/'l -C 1..,, 
6 ii\ j,:ij~~Je~f.\L (cerebral evoked potential ; .l2J, T 
EP t -t 6 ) f: "".:) v, -c 1i, 7 Jv ::i - Jv ffi6l -t-> 7 1" ::i f: M 
-t6M~7lf:It'-~< lifJ:v' o it.:, ::kn~ ~J:!11.~ . !f;fl:JU¥J 
Jt·ti~Je~f1 (J.:J T AEP t -t 6) f:M-t 6 caffeine (J) 
f}J -511: Ii Bruce G s)-? W olpaw G 9>, Tharion G JO) 7'J: t' iJf: 
$R is- L -C v ' 6 iJf:, P 2 -N 2 (:~ M ~ (J) P 5 -N 5 ) ffi ~g 
il'~!cJlkllif rai-c placebo W'.-9-(J)1*if f:Jt.--z -C~j,' L -c 1..,, 
t.: t \t' "J Tharion G (J) $R {s-10) (J) J: 'J 1:, ~ 'lit i!U~ ~ (J) 
~lliftr-J~1ti-¥R-is- Lt.:M~li:'.J,'IJ: <, i t.:-f(!)Ji/¥Hi -
:i&: L -C "' 7'J: "'o 
*M~1:1i~tt*(J)*JJ.filEt-J1J:::kn~~Jemf1lilf~(J)- * 
t L-C, ~1t11U~~1:"".:)1.t>-C caffeine (J)wf01'5t~f: J: 6 
AEP t niMBt(J)~llifEr-11J:~1t i-t~!t L t.:o 
AEP (J)tf:5JU 11> 1: J: 6 JYI i- i!lHt 6 t.: il6 1:, mt A!1!l ·ti 
~'!it:tt~~25:t i-M* t L t.:otJt~~tiiJ::~24-44~ (.if 
:l5J 31. 9 ± 5. 6 ~) , tt-ffe: 161. 0 - 181. 0cm ( .i:JZ:15] 169. 7 ± 
5.0cm), i*!l:48.0-99.0kg (.i:JZ:i5J68.9±14.3kg) (!)~ 
tt~f2sr,,jffei (f2s Bffl) 25:t-r:·~ ~, ~ffel. :t!H$*,i!,-t-'EJ1$ 
nm(J)retf:Eli!J:il'0 t.: o i t.:r/ilffH$~(J)f<effl~-r:·7'J: <, 
iE.'/itij~il!t-C&i) 0 t.:o tJt~*f: fi~ G iP til6,tM~l: °".:)v' 
-c+5t7'J:~~i-frv>, jjjj:i':i-flt.:o 
~tJt.~~ (J) l 8 ~ t.: ~ (J) caffeine mlfit:1: t;l:, Greden3l 
-t-> .:::ff G12l 7'J: c'(J)$R{s- i-~~ 1: L -C.5£ L t.: o ~ G 1: 
Truitt (J) $R {s-13l ,t-,, DSM- N 14 > (J) caffeine intoxication 
(J)~tflrti~ 7'J: t' i-~~ 1: L -c, ~25:t (!)tJt~~ff (J,J T 
T ff t -t 6 ; .if :15J caffeine m ~ :i:251. 4 ± 169. 6mg/ 
8 ) i- , l 8 ~ t.: 0 (J) caffeine m ~ :I: iJ{250mg .12J, T (J) 
:t-:i:m~llf (J.:J, T L ff t -t 6 ; 11:t, .i:JZ:15] caffeind~ 
~;92.7±71.6mg/8) t, 250mgi-~x..6*:ocm~ 
ff (J,J TH ff t -t 6 ; 14:t, .i:JZ:15] caffeine m~.;_376.1 
±105.3mg/8) tl:5tlt, caffeinem*JR:(!)~~f:"".:) 
\t' -C t f~M L t.: o i t.:, ~~ i- double-blind design 1: 
fr 'J t.: il6, ~11t~~ff ( T ilf) i- caffeine i-W: ~ L t.: 1* 
if (U T CAF(T) !lf t -t 6) t, placebo i-1'5i:4 L t.:1* 
if (.l2J,TPLA (T)fft-t6) tf:5tlt, jjjj~I:, Y:I: 
t~~ff (Lff) (J.:J.T-fh-f'hCAF(L)ilf, PLA (L)ilf 
t-t6), ::k;m~ilf (Hff ) (J,JT-fh-f'hCAF (H) 
llf, PLA (H) ff t T 6 ) f: "".:) v' -C U~!t Lt.: o 
1. }~~15$ 
~1&'.~~t:-:)1.,,-c, ~·~* B Li cafeine ~'2i"trlt~ · 
~~ ~ (7) 1t!, xanthine tf~IJ i ~ -C ~ t, d; ~ < t i ~ 
•mJMi(l) 5 ~rdlwiJ" G (l)jxjt~~:/;I ~~x. ~ ·tt.=o 
~ .~ !± double-blind design -C-fr v\ 1* :m &J t.: VJ 3 
mg/kg (7) cafeine (7 :J.. r 7 :) -t )'\:., (**)), &J ~ \_.,\ 
!± placebo t L -c :¥Lfl ( 7 :J.. r 7 V -t ;'{:., (**)) ~ :t 
7'7 -r (7) :tJ 7 °-t Jv t:Jdt, ji-ft · P*~ t~~!t-LJ.: -5 
x. -C:f&'.~~ t: ~200ml (7) 7k -C-*f D t5t-$ ~ -lt t.: o cafeine, 
placebo ~ 1 @] -f -:) , ~ B ~ ~~ -C -C 1T -5 cross-over 
design -C-Jififr Lt.: o 
2. AEP t ~j}t(7)!c~n$ 
10-2000lHltii1:t15l t:ilt9! L -C ~1&'.~(l) ~Ji~J:. t: ic 
ifi:tii ~~~Lt.: 1&, ~ i.lfil.24~25°C t: i'f: t.: n t.: shield 
room (7) r:f:l (7) icwifl ;ftFf t: ~t!r ~t, ~70° 1&1tl L -c 1!P IR 
~-t. *DMmt~-r:A~~'2i"trS~~~-L~off 
wu•t= tiffWIJi!J:~ti (SSS-3100; B *J'cffi:, .l2L r~ic 
~~thif[PJ t) iJ" G (l)lOdBSL (7)1:j!-je click ff~, 5 sec 
rai~~-C-H;j-(7) :J.. ~ -:tJ - (Foster SH10, 8 ohm) ~ft 
L -C80cm (l)JEe~iP G ffijlf t: [PJ~ t:.!:} iZ. t.=o ff WIJi!J:(7) 2 
sed& t: ijfj v) °ib IE g:i tUf WIJ i!i ~, -f (7) 1 sed& t: *(7) ijfj 
v' M J'cWIJ ii~-$ x., M J'cWIJ • (7) 2 sec 1& t: *(7) click ff 
~·~-$x.~~·(7)~1J~~-VJ~L-C, -·~(7)~ 
M7k$ ~-5Et: i'f:t.:-t, 1&'.~(l)Jl~lkil ~ ~ti L t.:o 
{f :\ilJ i!J: c [PJ MT ~ trigger pulse ~ Data Recorder 
(TEAC, RX-50L) (7) m13channel (J,,1 r eh t -t ~) 
t:wiS L t.:o 
AEP (7)icwi~$!±, 1}f, ,: *fX~ (7)~Jf~16l'"('£i@:~$ 
t L -C ~Lftt.: Cz-A1+2 (!i!tii~~) t Cz--Ts (~;fii 
~$) ~fli.,f.=o fffijicwi~~iJ"G~~~ht.: AEP ~'2i" 
trniMJl ~, M"ti±~~i~ AB-622M ~ fl v\ ~5Efi0. lsec, 
Jt:ri 7 1 Jv -7 -lOOHz -C:, hum ~*tlHI ~ 1ti!J ~ -lt-f 
t:±~~i L, M"~c Data Recorder (l)m 3, m 6 eh t:wim 
Lt.:o 
AEP (l)~ci~rai i, cafeine (7) Tmax (~30%~ 1 ~ 
rai) ~ *~ t: L -c, cafeine i t.: t± placebo t5t-$ AA", t5t 
-$1&30%, 60%, 90%(7)~~.~iJ" G (7)~105trai t L, AEP 
~ '2i" tr mMt ~ ~cil Lt.: o 
3 . data ~!In)! 
3 ·  1 AEP (7) data 9&J.!:1Jy:t m 3, m 6 eh t:iS Lt.: AEP ~'2i"trmMt ~11}~ L, 
27 
tl~H: J: VJ ~1i1lt~ ~ c~(l) artifact ~ ~#;* L ~ i{ G, m13 
eh t:iS Lt.:fWIJ?t(l) trigger pulse~ fflv\ 1JD.f:itJ 
~ti (ATAC-210, 1024addressX 220bit) t: J: ~ -C, 
WHJr ~ rdl 1024msec t: -C 100@11JD. f !s; L -C 1i 4 (7) AEP 
~ ~ci L t.:oPANAFACOM U-lom: J: ~ -C floppy disk 
t:iS Lt.:~ 4 (7) AEP iJ1%t±~-C, ~r.i~~ffi(l)~Jzt~ 
~ktr~~j}(l)~f~14t: J: ~£*!(7),fi V) ~1tli{~' li:11-= 
*i! t: J: VJ £*ii" G (7)~~~1i (7) =*lDil{Jli1J" t: ~ ~ J: 
-5 t:*IE L, 1&t:iJLfl :i:., ~ :i - -7 -C-9&J.! L t.:o 
3 ·  1 ·  1 IFf!s; AEP (Group Mean AEP) (1)9&J.! 
cafeine, placebo (7) ~ 15 t:-:) v' -C, ~251&'.~~ (7) AEP 
it%~ t1JD.f!S) L t.:IFf!s; AEP ~' ffijicwi~~5JIJ . 
~~ci~rai-=, t t:>Jt66, CRT (cathode-ray tube) @Joo 
J:.-C-~1ltnx:Al001':r (7) group schematic AEP11l c !itl-C 
*~ L, Goldstein, Rodman17)(7)~1';i!~*~': L -C, 
~Minx:% P 1 ~ P 8, ~itinx:5t N 1 ~ N 8 ~ ~5£ L, nx: 
%i~ t JJL~ rai (peak-to-peak) ~~  ~ >Jt 66 -c, -f: n G 
(7)~~89~1t t:-:) v) -C f~~t Lt.: o 
3 ·  1 ·  2 ~1&'.~~(l) AEP (1)9&J.! 
~f:it] AEP (1)9&J.! t [PJ**t:, cafeine, placebo ~:Jj 
(7) fifjici~~5JIJ · ~ici~rai -=-t (l)~f:it] AEP ~ £$ 
t L -C CRT @IffiJ:.t:m:ti-c*~ L, ~f&'.~~(l)*iHr. 
8~00(7)A~(l)~nx;5t~~5EL-C, -z:(l)nx;JtM~tm 
.~ra,~$it>lt66t.=o ~ G t:, ~251&'.~~t: -:)v'-C, ffijir. 
i!~$531Jt:43-nx:5ti~. JJL~rai~$i~nr~IJ Lt.:o ~.B. 
&J G i" t 66 t5t .!:} JIJ[ ~ ( cafeine t5t -$1Jf. 1T IF : placebo t5t 
.!:}1Jf.frlF) ,: J: ~~~,:--:)1.,,-c-x~c.t1Jtt?tfr~fr0 
t.: 1&, cafeine t5t-$1F ( CAF IF) c placebo t5t .!:}f (PLA 
IF) t:-:) P -c t 1}1&~~ rai (7)Btr~IJ1f t t5t .!:} AA" (7)nr~IJ1f (7) 
~ ~ Wilcoxon signed-ranks test t: J: 0 -C ft5£ Lt.: o i 
t.=, t5t .!:}1Htr~IJ1t (7)t5t-$ %Jnr~u1i ~=M-t ~ .1:t ( % ) (7) f 
!s; i >lt66 t.=o v'-fft(l)ft5£t:--:) v'-C i, fit~~$ 1 % it-: 
t 5 % ~*1cBt~89~:1t t =t=Utlri" ~ t§'~ t L t.:o 
3 ·  2 ij~iBl (7) data 1111l.!1Ji:t 
H~il11W1Jr,±ffijicwi~$il" Gm'A-=t-7°t:ie.wi ~ nt.:~ 
ici~rai-=-t (l)~~i}lt: "".)\_.,\"'(' t~t=-c~{r(l)y~ i.,g:~ 
5t ~ ~tR L -Cfr 0 t.=o ~ (l)~~iBl ~A/DJ£~ L, FFT 
(~ :it 7 - 1) x. J£ ~) i! ~ 1~ 0 -C sampling rate 
128Hz, 512point -C-43-4 sec rai (7) 8 epoch (32sec) t: -:) 
v' -CO. 25Hz ~IJ J-J-t: ml iBl tiWifr t 1T v', ~M power 1f ~ •t11 Lt.: (Del 333s/L) o mliJl~w:t,±2. OHz i" G30. 0 
Hz i-C-~5tlJ L -C 8 (2. 0~3. 75Hz) , e (4. 0~7. 75Hz), 
a1 (8. 0~9. 75Hz), az (10. 0-12. 75Hz), ~1 (13. 0-
19.75Hz), ~2 (20.0-30.0Hz) 0)61'\'~c l, -itw~ *l : cafeine, placeboO)i\ilH'Jcflt:M-tJ.i§lc'J¥fifi 
5JIJ ,: power % i' * ~ t:. O "t° l l ~ -9-t&-it ir. i ~ ra, 0) 
power % c f'i £j-frJ power % 0) ~ i', Wilcoxon signed-
ranks tesU: J: ".) -C~~ l t:.o 1 t:., -itJ!Jr!tw~I:-:> 
v't-1!ricit~ra90) power %0)~-9-frrl:M-t 7->lt (%) 
O)-'f1$] i' *~ t:. O 
3 ·  3 AEP U~r!O)ffl~ 
~~reu: i It 6 -itmJ r!tw~ power % c AEP -it nlt5t 
0) if~, 1Ji -~ rilH!Hi c 0) fl ~ i.?f-t (Pearson's product 
moment correlation coefficient) i' ;1(~, ~~ l t:. o 
3 . 4 11Htm 0) EI e~fiffi 
cafeine, placebo O)~ -9-WU& 1.1' G ~~ B 0) ~ B 1 -c· 
1: El 1t l t:.IIJftffl O)~~ c l*J~t:-:i i.,-c, t't~~1:ji;J;R: 
~c:~5tMl~~ftfflO)~~fl (7~~-~) O)~~i' 
~ffil, EJe~fiffi~'t°t:. (fit@J~PJ)o 
1 . i'.ilH'J=flO) El c~Hili 
caffeine, placebo 0)15tlj-{&O)Jljf'ffl 0) El e ~fifi i' ;if-
l t:. (j< 1) 0 " JIH'Ffl ~I')" C lJ:.ili:~~t U:f:l.m l t:. 
/liJf'ffflO)t,i, CAF(T)tlf. (13~: 27) O)n7'J'PLA(T) 
t/f. (6~: 7) J: IJ b~1J'-:)f:.o if:., £3:~fflt7'J{j,'7i 
v>CAF(L)tlf. (7~:16) O)n7'J'CAF(H)tlf. (6~: 
11) J: IJ ~ <, PLA (L) tlf. c PLA (H) c 1:" ti tic A, c'§: 
iFt:t iJ, ".) t:. ::. c i.l' G , L tlf. 0) n 1J' H tlf. J: IJ IIJft fl i.f t±l 
JJ! l ~ -t v, ::. c 1J' f-~ n t:. o li i3, caffeine, placebo 
0)1.'i lj-t: J: ".) -c IIJftffl 1J' li JJ! l t:.-1!,t/f.O)t,t~~O) t 1: -:i 
i.,-c Ii, i.,-fn '4o ~'.f.~ti!?.?.~ G :h.lj: 1J'-:) t:. ( x2~~ 
(El EEi Ii l ) :  T tlf. ; x2=3. 06, p=O. 080, L tlf. ; x2= 
1. 65, p=0.199, H tlf. ; x2=0. 66, p=O. 418, p <O. 05) a 
2 . ~~i'5.J AEP 
25~ O)~flt~~ t:-:> v' -C, 1.'i -9-frJ J: IJ ~~89 t: ici l 
t:.11! ~~if(. 0) caffeine (CAF (T) tlf.) (~ 1 ) , placebo 
(PLA(T)tlf.) (~2) O)t/f.-'fLMJAEPi';if-lt:.o jilfjirJi 
~~0)-iticit~rdl ~ c O)t/f.ifMJ AEP O)iBOFi,i, caffeine, 
placebo c. b 1:~~A91: li~j;Jit~ N 4, ~:kl!£-t!:~ 
P5i'~~-~6ffltO)•Hi'¥l-C.i31J, -1!rnlt5ti'fi 
~T 6::. t 7'J,-r:· ~ t:.o 
iltif~ci~2¥ 1: :.ftj l -C t±l.f)l L, t:. AEP 0)-1!,nlt5tO)~{t 
li*O)jl'.)-c·~".)t:.a caffeinet.'i-9-(CAF(T)tlf.) O)~ 
@-, N 4 nlt53'1:-:> v'-C Ii, b-f 7'J,-f-:> 1:" Ii~ i 1J'nlt5tif 
~1J'1'i£}1!3053', 605t, 905t c ~ra9*-l~ c t b 1:m*fa l 
-C J3 I'), t1: CAF(L)t/f-1:."M-fl.J-l t:.fl;Ii[o)7'J'~2~ G nt:.a 
CAF(L) CAF(H) CAF(T) PLA(L) PLA(H) PLA(T) 
IIH'F!lft L, 4 8 12 8 11 19 
l!f,!l;I; ~ (IIJf,)ljQJft:) 7(16) 6(11) 13(27 3(3) 3(4) 6(71 ,(., . .m'lf ••. •L.•1t1CJI l l 2 0  0  0 
liH[il 0 l l 0 0  0 
~ft-~ ilMi ·ilil8 0 l l 0 l l -~ ,,,,ig l l 2 0 0  0 /fi',".>~Q)?;:M) 2 l 3 0  0  0 
!l'!l!/8. tl'IJt/8i!j~ l l 2 0 l l 
'I'l! 2 0 2 0  0  0 
il!1tli li'Ml'l'!l!/8 2 l 3 0  0 0 
:8:lk.'!'li l 0 l 0  0  0 
U\ 0 l l 0 0  0 
TI!! 0 l l 0 0  0 
l$alti 'f!Jal 3 2 5 l l 2 
-fQJil!r' Dil 0  0 0 0 l l 
l.:/Ji8 l 0 l 0 0  0 
~ll·l!Jli'. l 0 l 2 0 2 
JU!/8 l 0 l 0  0  0 
* : cafeine O)f,ljfj,fl /: i±~t.: J., /: ~ x. C:, *1.J., t 0) ~ - t! L f:.o x'tfri:5£ (El El3Jt 1, p<0.05) : ~tiH?i~ff (T ff) : x'=3.06, P 
=0.080, j,'iHO&.f (Lff) : x'=l.65, p=0.199, :;kitlU1~f 
(H ff) : x'=O. 66, p=O. 418 
CAF(T); cafeine ~-'J-~f/t~~ff. CAF(L); cafeine fl:-'J-Pifi 
JU(M, CAF(H) ; cafeine fl:-'J-:;k-1:HOl~ff 
PLA(T ) :placebo~-'J-~f/U?i~M. PLA(L ) :placebo~-9j,'iffi 
~M. PLA(H); placebo ~-'J-:;kiHl~ff 
1 t:., t'ilj-1&905t""Z"l£-t£n[o)l:fflfi l -Cv>t:.o P 5 nlt5t 
1:-:iv>-Cli, 1.'ilj-{&605t, 905t""Z"~tn[o]l:fflfi l-Ci 
I) , t 1: CAF (H) ff -CM f.l;L l t:. fi [oJ 1J' af ~ G :h. t:. o 
placebo t'ilj-(PLA (T) tlf.) O)J:j~, f'i lj-{&305t, 605t, 90 
5t"Z" N 4 nit JJ'1J'i!£-t n [oJ 1: 11 ft l, t t: PLA (H) t/f-1:." 
M-fl.J lt:.ffi[o)iJ'~.<16 G nt:.o i-O)ffilO)nlt5J'l:-:iv,-c lif!J3 
G i.P1d:~ft1i~.~ G nli 1J'-:) t:.a 
3. ~~Mi=ffO) AEP O)~ft 
-itli/l~~l:-:>v>-C, caffeine, placeboO)t.'ilj-frr J: IJ 
~~A9t:ici lf:.jilijici~iff.O) AEP 0)1!rnlt5t0)-'f1$Jil 
~ (*2) , 1Ji,~ra9-'¥:ltJt1Hi (*3) i'f-Lt:.o caffeine, 
placebo 0)15t~frJ0)-1!,t,t~~O) AEP Ii, £*1Y-J 1: IHt 
~T6~&aiff.0)15t-9-frJO)t/f.-'fLMJA~-%~~ti 
IJ, -1!rnlt5tifi~-t~::.c#-z:"~~o 
lii, ~lj-)IIN~ (caffeinet'i£}:$tfit/f.: placebot'i~ 
5tfitlf.) ,: J: '-> ~~ ,: -:i '-' -c 0)5tfl'X5tlfr-c·,i, .1,:;. r 0) J: 
-J 7d:*5:l!U:/j:".)f:.o nlt5tit~1:-:i.,-c,i, jilfjici~iff.1:" 
P 3 nlt5tif~I:, !j!~~if(.-c· P 4 nlt5tif~I:, ~~~  
1:" N 5 nlt5tif~l:i":h.-f':h.~i:~7'J'~2~ G nt:.o 1 t:., 
m,~ ril~~; 1: -:i '-' -c ,i, jilijici~iff.-c P 3 -N 3. P 1 -
N7, P8-N8, P3-N41!t~~il:, !j!;j;,)!~if(.-c·liN6-
P7tJHil:, ~~~$1:."Pl-Nl, N5-P6, P6-N6 
-1!r~~it:i":h.-f':h.~i:~7'J'!2~ G nt:.o 
3 ·  1 1!r1&:M!~O) AEP 0)-1!,1*;5tif~O)~ft 
caffeine 1'i lj-f&, AEP 0)-1!, nit 5tif ~ 0) ~'.f. 7d: ~1t Ii 
~-Cif~m*fa-c·~ ".) t:.o CAF(T)tlf.-c·li, jilijici~iff.-c· 
~ 1 : .ljl.~~~ (Cz-A1+2) i?'C:,~c.f/<~:/1.t-:£:251&:Mi~O)#fifZ:lt.J 
AEP 0) caffeine (: J: J., ~it 
2000 
1500 
l OOO 
500 
-500 
-1000 
-1500 
N4 
CAFFEINE 
P5 
N5 
e:/Jiqi\1i 
.A.: !l:la-li30~ 
• : /l:qlf60~ + : /Jiqlf90~ 
-2000 >----~~~...+~~,....~---+----+------+---+-+----+--< 0 l 00 200 300 500 1000 NSEC 
~ 2 : .ljl.~~~ (Cz- A,+zl i?' G ~c.i ~ :/1.t-:£:251&:Mi~O)fifZ:lt.J 
AEP 0) placebo.(: J: J., ~it 
2000 
1500 
l OOO 
500 
-500 
-1 OOO 
-1500 
-2000 
N4 
0 l 00 
PLACEBO 
P5 
N5 
200 300 
e:!l:qi\i 
.a.: !Ji4li30~ 
• : !l):qlf60~ + : /l:qlf9o~ 
500 1 OOO NSEC 
N 4 nit 5t i~ 7J' :t1t -1H&605t, 905t 1:, P 5 ,  N 5 ~ nit 5t 
ilif:>J':t1t41&305tl:-f:n-f·:t1fl.l:m*111 L -Cv>t:.o it:., 
CAF(L)ff't"Li, Jmrncifka•""('· N 4 nlt5ti~7J':f1t41&60 
5t, 905tl:1f'.@":l:m*1ilL-C.t31'J, CAF(T)fC1.)N4nlt5t 
if~CT)~ftc:-~ L -Cv>t:.o -15, CAF(H)ff't'li, 7J. 
•a•-c-P5nlt5J'M~#, ~~•a•-c-N5nlt5J'M~#, 
:t1t 41&305t 1:-f :tl-f':tl1f'.@": 1:m*1il L -C .t3 l'J , CAF (T) ff 
(1) P 5, N 5 ~nlt5tif~(l)~ftc:ff!!p-~ L -Cv>t:.o 
placebo :t1t 41'~ 1:-:J v' -C Ii, AEP C1.)~nlt5tif~<l)1f:f; 
tj:~ft1ifcl6 G :tltj:7J'-:> t:.o 
3 ·  2 ~tit~~ (1) AEP C1) ~ nit 5t TJi .#. rai (peak-to-
peak) t!]f$/;IC1.)~ft 
caffeine :t1t 41&, AEP C1) ~ nit 5t ni .#. rJJ tm $I (1) 1f '.@": tj: 
29 
]i( 2 : caffeine, placebo (.: J: J., AEP 0)-*/it:S}i~'*O)~ft 
C.A.F\T) ... MEAN 13.0 20.4 31.6 44.0 56.3 76.2 90.9 Ll0.3 17&S 280.l 328.9 383.2 .t52.3 503.1 553.2 602.6 
(25:t) (C1-Al•2 Af30 J J 
AF60, i 
AF90 I 
M•1t• MEAN 10.7 20.5 34.2 4-U 56.8 79.3 9l.3 110.9 177.1 282.7 339.4 390.0 UU 00.2 545.6 598.4 
(C1- TS) AFJO 1 i I I• 
AF60 i 
Af90 i 
CAF!L) •• ,. MEAN 13.5 21.7 32.6 44.2 56.9 74.8 86.9 112.6 181.9 280.0 335.9 385.8 454.7 509.8 562.6 606.3 
(11 :g) (C1-Al + 2.l-',~C,C~:--+--+--+--+--+--+---l-j-l--1--1--l--l--l--1--.J--
AF90 ! l 
.!R. • .,. MEAN 9.5 20.5 34.5 45_2 57.3 76.9 86.6 l2-4 179.0 28H 352.9 395.8 455.0 503.8 557.2 607.l 
(Ci-TS) r.:~~!~ci---1---1--+-+---+---+--h-j -c-1! --,f--.--f----1-----1----1----1---+---
CAF'liJ •••• :~ 12.6 19.4 30.8 43.8 66.6 77.4 94.9 1oi-+, 1-75-+.92-80-1.23-24-1.2 -382-1.0 -,51--<.01-'9-. .5'-5"-gl-s,--,. 
(14ft) (C,-Ati2) AF30 i 
AF60 .,., 
.laaw MEAN l.8 20.6 34.0 43.& 56.4 81.2 95.0 109.6 175.6 281.4 329.0  386.0 444.4 479.4 536.6 591.6 
(c,-T5) AFJO l i• 
AF60 .,., 
PL,\(T) ._. •• MEAN 12.2 20.9 31.7 42.9 57.7 80.0 90.5 10!.4 170.6 280.8 346.1 384.8 461.5 500.7  558.2 602.3 
{25ft) (Cz-Al+2) AF30 rocAF60=t--+--+-t-t---+--+--+--+--+--+--+---<l---1---1---'---
;IJ(.•• MEAN 10.5 20.0 34.0 44.9 57.6 75.9 85.8 105.l 167.7 283.l 334.4 380.6 444.0 477.9 636.4 582.4 
(Ci-T5) AF30 >-c,=so+-+--+--+--+--+--+--+--+--+---1--+---1--1----1--1--.,., 
PLAlL) •••• MEAN 12.3 21.4 32.8 44.2 59.8 79.8 87.4 111.3 173.l 282.7 341l.8 386.5 465.5 507.4 557.9 602.0 
(11;f,) (C1-A1+2) AF30 >-c,FS=o+-+--+--+--+--+--+--+--+--+---1---1---1----1----1---+--
a••• MEAN 9.6 20.5 33.8 45.4 59.0 78.Z 85.6 109.4 174.4 284.l 343.9 390.3 40.2 478.2 632.3 574.l 
(Cz-T5) '7:=c~~+-+--+--+--+--+--+---+-+--+---1---l---l----1--1-1--.,., 
PLA(li) •••• MEAf,I 12.2 20.6 30.9 41.9 56.0 80.l 91.8  106.2  168.7 279.6 342.7 S83.4 448.4 495.4 658.4 60 2.6 
(14:l!;) (C1-Att2) AFJO >-cAFS°"o+-+--+--+--+--+---+--+---+--+--+--+---l--1----1--1--.,., 
~--· MEAN 11.4 19.5 34.3 44.5 56.6 74.0 86.0 103.2 162.4 282.3 326.5  373.2 444.6 477.6 639.6 588.9 
(C1-TS) AF30 l-','AF=c60+-+--+--+--+---+---+--+--+--+---1---l---l--l----1--1--
fi!i ~c. i~ i!J i?' C, ic. i ~ :/1. t; AEP 0) -* lit :S} :I~ 4 jlJ IfZ :ltJ i '* (MEAN) (msec) t, :tl: 4{&30:$} (AF30) , :tl: 4{&60:$} (AF60), il:4{&90,r (AF90) O){il[O):t\l:!j-jlfig t O)ifi.O) Wilcoxon signed-
ranks test O)fa:!11:o ( t :p<0.05, t t :p<0.01, t, i1i-t-n 
-f':/1.J!~. ~HliHlt"o) * : Wilcoxon signed-ranks test 'Z'~~ifi.n!lf',:fJ!. L. t-:Jit:S}il#0) "1 
t, :tl:4flfi)'j'; (cafeine:t\l:45\:;frff: placebo:t\l:451:;frf) O)~fl 
~ ~lt L.t-:-5ctic.li,rlti,rtfi 1.:-? 1i, -c 'I> ~:f:i!i-.n• tf:lJJ!. L. t-:-: t ~ 
'i<-t oCAF(T) : cafeine :tl:4£:~Mi~ff. CAF(L) : cafeine :tl:4:'.J,':ifi 
*ff. CAF(H): cafeine :t\l:4,1;:if~*ff 
PLA(T): placebo :t\l:4£:1&:Mi~f. PLA(L); placebo fit4:'.P:i:ffi 
*ff. PLA(H): placebo1~4,1;:ifilfl(f 
~ftli£-Cffi$i,i/(,2,l't'·;h -:i t:.o CAF(T) ff't'·,i, ~ icifk 
a~-c-N 4 -P 5 fi$17J', ljL~a~-c-P 3 -N 4 t!]f$17J'. 
:t1t41&905tl:-f:t-f':tl1f:i":l:i,i/(,j,' L -Cv>t:.o it:., CAF 
(H)ff't"li, ~!cifka~-c-N 4 -P 5 fi$M':t1t41&605t, 90 
5t 1:, ljL~~~'t" P 3 -N 4 fi$i7J':f1t 41&905t1& 1: -f :tl 
-f':tl1f :i: 1: i,i/(,'.'./.,' L -C v' t:. o 
placebo :t1t 41& C1) AEP C1) ~ nit 5t TJi .#. rJJ tm $1 C1) 1f ~ tj: 
~ftil £-Ctm$i,i/(,Y't" ih -:i t:.o PLA (T) ff 't"li, CAF(T) 
ff c: -~ L t:.~ft 1:1Ja x., P 2 -N 2 fi$/;IC1)-5E L tj: v 'v,£. 
'.'./.,'7J'i!.?.cl6 G nt:.o PLA (H) ff 1b CAF (T) ff (!)~ft 1:f!,{tl 
- ~ L -Cv>t:.o 
tj:.t:, CAF(L)ff, PLA(L)ff't'·li, AEP (l)~nlt5tn! 
.#.raifi$1C1)1f:f; tj: ~ft Ii v>-f :tl 1b ~¥> G :h. tj: 7J' 0 t:.o 
4. ~ ~~~~~~~ ~~~ ~ ~ ~ 
~fl: 
~Wi~~l:-:Jv>-C, caffeine, placebo (1)1~4%T J: l'J 
~~B'-J 1: icifk L t:.6&Jrt<l)jlij!cifka•1=.t31t 1.i ~m.Ji1Ut1fi' 
30 
fe". 3 : cafeine, placebo ,: .J: J., AEP ~/ilt5tO)]Jj,1;':;:llHJHJiO)w;:1t 
~:sr:1jC;~:;72 ~!~: 324.0 576.5 621.t H5.3 tlU 441.5 1141.t 31\U 3247.6 1293.5 7U.1 982.S 736.2 770.3 669.7 1545.1 
~,! I AF90 I I • 
___ .,. MUH 2101: 417.0 377.0 409.' 805.1 )03.7 126.7 26·11.2 2732.2 1119.6 705.5 930.2 63U 762. 719.5 130.S 
(C,-T!I) r.::;:,:i---1i---1i---1i---1i---lf------f------f------f------f---f---f------f---f.--f---f---
"" j CAF(U ... ME.U. 345.1 571.3 621.4 sou 79&., 292.0 933.3 21199.1 3 191.1 1349.S 7Sl.1 9U.5 asu 797.4 , , o.7 Uk.a 
C11fl) (C1-A1•2r.:~:+--t--t--t--t--t--t--t--t--t--t--t--t--t--t--+--
"'° .... MtAJrl 251.1 4 19.0 377.0 OU 605.1 190.7 837.0 2,ss.8 2726.0 1241.7 515.9 90U 751.7 707.l 682.9 13116.5 
<c,-TsJ f-'i:~aea'; 1--l---,f------,e------,f-------,f------.f--------f--------f--------f--------f--------f--------'--'--'--'---
"" CAFOfl ·---M!.AJ,1 SCU 5110.9 621.5 4S0.6 1016,4 U0.9 752.5 3301.2 3295.4 1264.6 806.5 995.6 683.t ~1.6 692.4 1585.3 
(11:f,) (C,-Al•2 AF30 '"'""""+--+--+--+--+--+--+--+-,-, +--+--+--+--+--+--+----1--
AFIO i • 
----M£AJ,1 173.9 415.3 375.9 3H.3 9'65.1 404.2 n&.4 2742.7 2737.1 1020.3 136.7 94SJ1 557.6 SOl.2 ?IIU 1315.7 
(C1-TS) r,i;L;:c!: __ i--li=:_~l=:_~1=:_~l=:_~l=:_-=.i=:_-=.~'=il=:_-=.i=:_-=.i=:_-=.i=:_-=.i=:_-=.i=:_-=.I=:_-=.'=-.-
l'\,A(TJ •• .,. WEAJI 167.2 55&1 ~U. l 529.9 tlH.! S3U HU 3099.7 2~ .5 l7t.5 7!iS.5 91U U#i.8 74U 669.7 1530.6 
C25t,) {C,-Al•2,fe~See,!:+--+--+--+--+--+--+--+--+--+--+--+--+--+--+---I--
Mt(I I I I • 
___ .,. WEAi 202.9 402.9 ,06.G 444.5 904.6 179.3 557.1 2824. L 2711.8 1045.9 UU &Ol.3 48).4 661.1 577.S 1450.8 
(C, -TS) fc:~ .. "f---f---f--.--f-------,f---f---f---f---f---f---f---f---f---f---f.--f---
"'° nA(LJ ... MEAN 350 s , 1.9 S9S.I 560.0 1197.4 2S5.6 600.9 2'95.4.4 21163.2 998.7 59:U 909.3 SIU 60 U6.9 1526.i 
(\If,) {C1-A1•1.fe:See~t--t--t--t--+--+--+--+--+--+--+--+--+--+--+---I--
"'° ----Wt.AM 258.3 39U 458.7 490.4 954.2 191.9 525.0 2765.7 2746.2 974.4 5S0.4 72!.2 432.2 618.1 567. 1'611.9 
<c,-n) r.:~;:c!~ i---li---li---li---li---li---li---lf---f---f---f---f-'f---f.--f---f---
""' PLAIH) •• . • Mt.AJ( 376.9 566.i 571.3 S06.3 1236.3 372.6 714.9 3211.5 307fL.9 12112.6 116U 917.9 64!.7 U0.6 703.3 153S.6 
(1,f,J (C1-A1•2,fe~:~:~t----,t----,---,,---,f------,f------,f------,f--'--f--'--f--f--'--'--'--
___ .,. WlAJI 160.3 U0.9 35U 409.1 116:tl 164.3 601.9 1ST1.7 26Mi.6 l\O!i.5 1110.11 1161.0 S2S.6 694.9 HS.2 U?.5.6 
(c,-T5) r.:Z~;:c'; i---li---li---1'--li---li---lf-'f---f---f---f-'i---lf------f.--f---f---
"" 
~~---~;~a~n~A~&/ilt5tO)t.,!:48JJIA~•~-~ 
(MEAN) (fi.li: 50µV=l2800) /:, &4f&305t (AF30) , &4 
f&605t (AF60), &4f&905t (AF90) O)~O)t.,!:48~/: O)f_O) 
Wilcoxonsigned-rankstestO);f;!/:11!:o ( t : p<0.05, t t : p <0.01, t. i l±-f:tli':tl411*. ~d--fffe".T o) , * : Wilcoxon signed-ranks test -r~~lf.;1,f/f:l:fl. L t.:JJl.i:':i:r.lfi•JiO) 
-'J -t:, &4ft1Ji)¥; (caffeine &4,1cfi/W : placebo &4,1ct'r!W) O)~ WH~M Lf.:~5cl!Gffi'.5ttMJrt: ·'.:>1.,-c 'Ii ~~lf.1,1{/f:l:fl. Lt.:.: I: 
tfe".To 
CAF(T); caffeine &4~t&:~~IW. CAF(L); caffeine &4d-'iH~ l!lm, CAF (H) : caffeine f.,!: 4 *:iffill(!W 
PLA (T ) ; placebo t.,!: 4~t&:~~IW. PLA (L) ; placebo t.,!: 41,':iffi 
ll(/W, PLA (H) ; placebo :tl 4 *:iffil&ff 
b.x power % 0) '.4: 1t 'a' 5Jn., t.: ( *4 ) 0 
cafeine fJt l:j-f~, ij&J rt 1: s 1t ,Q ~ mi rtfdWb.x power 
%0):tf]t;>j:'.4:ft,i~-C, amb.xpower %0)~:tJac 8, 0, 
p ~mb.x power %0)i'-~' -C: if.> -:J t.:o CAF(T) ff -C: ,±, 
3:.1: a1mb.x power %n'~PfJtl:j-fiO)~ici!1dlHdl 1::ti'.f: 
1:J1:tJaL-Cv>t.:o it.:, 8, 0, P2~mb.xpower %1,1Lf 
n-f·nr,t l:j-f&3o5t, 905t, -tl l:j-f&3o5t, r,t l:j-fiO)~ici 
11:Hdl 1: :tf t 1: ifilx.~' L -C 1, t.:o CAF (L) ff -c: Ii, aim b.x 
power %7J',rl:j-f&905tl:~'.f:l:J1:tJa t., "'(1,t.:o -j, 8, 
0, 13,~mb.xpower %i,Lf;h-f'h,rxl:j-f!305j-, 9051", fJt 
l:j-fi305t, -tl l:j-fi605t, 9051" 1: :tf '.i: 1: i'-~' L -C 1,' t.: o CAF 
(H)ff1.'li, -tl:j-f&305tl:;tf'.f:7j:'.4:fl:il'~9'1 L-Cv>t.:o 
a.1, a2~mb.xpower %1,1,:tJ'.f:1:~:tJa L, 8, 0, P2~m 
b.x power % 1,J'-f h-f'h:tf'.f:l:~y L -c1, t.:o 7j: S, CAF 
(L)f-c:,i;tf'.f:;>j:'.4:ft,i~<l6 G ;h;>j:i,-'.:) t.: t 0)0), jfjic 
&i~~-c: a1mb.x power %ilt,tl:j-fi605ti:~:ba L -Cs~ 
(!jLt,!~~: -tl:j-f&605t0) power %0),t5tl:j-]VJl:Mi" -Q 
JtO)"f:l:SJ (AF60/BE) = L 12, ~~~~ : AF60/BE= 
L 30) . CAF ( T) ff 0) -tl l:j-f&605t, 9051" 0) '.4: 11: c i Hf-
I J>ltUtlflt ' ' .1 ., p l p2 (Hz) (2.0-375) (4.0-7.75) (8.0-9.75) (100-12.75) (13.0-19.75) (20.0-30.0) 
CAF(T) •• AF30 I t t I I (25~ ) (Ct..,.Al+2) AF60 I 
AF90 t I l111l!. AF30 I I I I I 
(Cz-TS) AF60 t I 
AF90 I 11 I 
CAF{L) •11M• AF30 
(11t,) (Cz-AJ+2) AF60 · , I 
AF90 I I I 
lRlll• AF30 I I 
(Cz-TS) AF60 I 
AF<lC I I I I 
CAF(l) ••M• AF30 I I t I 
(14.t,) (Cz-Al+2) AF60 
AF90 
lR!IM• AF30 I I I I I I 
(Cz-TS) AF60 
AF90 
PLA(T) ••M• AF30 
(25~) (Cz-Al+2) AF60 
AF90 
lRIM• AFJO 
(Cz-TS) AF60 
AF90 
PLA(L) •• AF30 Il~) (Cz-AI+2) AF60 
AF90 
lR!ll. AF30 
(Cz-TS) AF60 
AF90 
PLA(H) ••M• AF30 
(14.t,) (Cz-A1+2) AF60 
AF90 
lRIM• AF30 
(Cz-TS) AF60 
AF90 
~~Gik&~,:i:HtJ.>t.,!:4f&305r (AF30) , &4{&6051" (AF60) , 
&4f&905t (AF90) O)H~i~O)~rnJiHHi\'~power %!::t.i!:4M 
power % /: O)f_O) Wilcoxon signed-ranks test O)*a*o ( t : p < 
0.05, t t : p <0.01, t. i ,±-f:tl-'f:tl41!1Ju. iJ£.d-'ffe-.T ol 
CAF(T); caffeine &4~t&:~~ff. CAF(L) ; caffeine t.i!:41,':ilh 
ll(ff, CAF(H) : caffeine &4*:iffil&ff 
PLA(T) ;placebot.,!:4~:t'lt~itff, PLA(L) ;placebo&4d-':li:ffi 
!&ff, PLA (H); placebo t.i!:4*:iffil&ff 
t L -c1,t.:o -j, CAF(H)fO);tfi°;>j:'.4:fl:li, CAF(T) 
ff O)f,t l:j-f305t0)'.4:ft c ~p-t L -c 1, t.:o 
placebo f;t l:j-f& 1: "'.:) 1, -C ,±, ij&Jrt 1: S ft ,Q ~ mirtf,(1* 
b.x power %0):tf]t;>j:'.4:ft,i[f&") G ;h7j:il'0 t.:o 
5. ~~~:l-0) AEP t lisJ5Bi,: s ,t ~ ~Jal5JU!t:;m;~ power 
% cO)t~IUJ 
~ ~~ 1: "'.:)1,-c, r,t l:j-wJ J: ~ ~flif s'-.n: ici Lt.: jfjic 
i~~O) AEP O)~J£5ti!flif c ij&Jitl: S It ,Q ~mirtf,(1* 
b.x power % c 0) fl M (* 5), ~ 1£51" JJL~ rdl :J=JHii c ij&J 
rt i: s1t ,Q ~ mi iJ1if,c1ifb.x power % c O)fl M (* 6) :a-
~ Lt.:o 
5 · 1 ~flt~~O)AEP0)~~5ti!flifU~itl:J31t,Q 
~mlrtf,cwb.x power % c O)flr~ 
cafeine f;t l:j-f{O):rf]t 7j:fl M ,±~ff c 'b 1: ~-C :iE O)fl 
M -c: if)-'.:) t.: 7J' I, -r n 'b -5E L t.:Mlfol ,±tf <l6 G n 7j: 7J'-'.:) 
t.:o it.:, placebo1l1:j-ffO)~ffl:s1t,Q:iE, ~O)flM 
i: "'.:) 1,-c ,iv,-f n 'b -;iE L t.:Mlfol lit2<l6 G n;>j: 7J'-:J t.: o 
5 · 2 ~flt~~ 0) AEP 0) ~ 1£ 5t JJi -~ rdl (peak-to-
peak) t!&~li\ cij~it1:s1t ,Q ~mirtf,cwb.x power % c 0) 
flM 
cafeine -tl l:j-f{, placebo f;t l:j-f 0) 1,-f n 0) ff 1: s 1, 
-c 'b, -;iE Lt.::tf'.f:7j:flMlitf.?,<l6 Gn;>j:il'-:J t.:o 
*-5 : cafeine, placebo ,: J: 7., AEP 0) & 1£ 5tif ~ c ijisi/lt 0) & PcrJ 1.Bt !Hi\'~ power % C O)ffl~ 
PI NI P2 N2 P3 NJ P4 N4 PS N5 -N7 P8 "' CAF(T)/PLA(T) ~~~ • I / I / (2Sti) (Cz-Ai+2) 8 I / I / 
o l I / / I ., 
I 
P2 
l!a11W • (Ct-T5) • /I o l I/ ., 
P I I/ 
2 / 
CAF(L)/PLA(L) ... • I/ I/ (11:t) (cz-A.1+2) 8 
.1 / t I I ., 
I 
2 /I /I 
JI! ... • /I (Cz- TS) • / I • I I/ ., 
I 
2 / I / I 
CAF(HJ/PLA(H) ... • (Uti) (C1-AJ+2) fJ / I 
oJ /I ., 
PI ' I / / I JI! ... •(C1- TS) • I/ /I o l I/ ., 
I I/ 
2 
~~---~;~&~h~A~0)&/£5tM~t~&O)&a&a 'fi'~ power % !: O)fflri!li*a0)~5£*5-*o ( i : p<O. 05, t t : p 
<0.01. i. Hl:-fhi''hIE, j{O)fflrM:*--toH4>f!V)ti:1J!IJ: 
caffeine, i;f>f!tifllj : placebo 
CAF(T); caffeine ~.!j.~t&:Mi~M-. CAF(L) ; caffeine ~.!j.j;':fim 
.!&fr-. CAF(H); caffeine ~.!j.:k:fim.I&M-
PLA (T ) ; placebo~ .!j.~t&:Mi~f. PLA (L) ; placebo~ .!j.j,':fim 
.!&f, PLA (H) ; placebo~ .!j.:kil:m.I&f 
6 . cafeine Y•flmi~ t cafeine *•flmi~ t (I) lt~ 
T-test 1:.Bv•-C, iJc~ · :!lt~ · 1*:fi: · cafeinetit-9-:1: 
1: -'.) v • -C Li L 1Jf c H M t (!) rdl 1: 1-f :"i: ~ ,± !.f, ~ G n 7j: 
7J'-:;, t:. iJ\ cafeine 1:!flf>(:i: ,: -'.) v' -c ,±1-f:"i:~iJ'~~ G n 
t:. (p<O. Ol)o 
~i,U,t:lf (!) AEP (!)~fix:51i~ c ij~flf ,: J3 t ~ ~Jj!fjrlf 
~ffi'~power %1:-'.)v•-c,±, 1-f:"i:7j:~ftiJ,CAF(L)M 
-e ,±Jl!1h.tit-9-f{6051, 90511:, CAF (H) M-c· ,±tit-9-1{30 
511:-tn-fnWffl. l -Cv•t:.o i t:.jlij1Jf(!)1-f:"i:7j:~ft,±, 
-f n 't' n CAF (T) M (!) tit-9-1&6051, 9051 (!) ~1t. tit-9-
1!3051(!)'.?£ft c l!1h.-fX l -C v• t:. o .:.n,:Ml. ~i,Jt~ 
1f(!) AEP (!)~$:51JJ!.\'Hai:t1.HilH:-'.) v•-C ,±, CAF(H) M 
-C' ,±1-f:"i: 7j: ~ftiJtjl!I;p.tit-9-1!6051, 90511: l±lfl. l -c v • t:. 
iJ\ CAF (L) 1Jf-c' ,± ~ ~ G n 7j: iJ,-:, t:. o i t:., PLA (H) 
1Jf-c·li1-f1.f:7j:~ftiJ'tit-9-1!90511:W.fJ!. l -Cv•t:.iJ', PLA 
(L)M-e,±tf.?-~ G n7j:iJ,-:, t:.o 
:,t;:,!iJf~-c-,±, tit-9-Jilfi~ (cafeine tit-9-:$'i:JrM: placebo 
tit-9-:$'f;fr1lf) ,: J: ~ ~I! 1:-'.) \,• -C (!)71fl'x711}r(!)*,!f:*, fix: 
51if~-c-,±P3, P4, N5~$:51it~,:, JJ!.\'Hdlt!Hi 
1." ,± P 1 -N 1 , P 3 -N 3, N 5 -P 6, P 6 -N 6, N 6 -P 
7, P7-N7, P8-N8, P3-N4~t1Hil:-ftL't''tL1-f 
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*-6 : cafeine, placebo,: J: 7., AEP &nlt:$-}O)JJl.\'H.l:J!Hl! c iji)/ltO) 
&fcilita'lff~ power % t O)ffl~ 
Pl NI NI P2 P2 N2 N2 PJ P3 NJ NJ P4 P4 N~ - NS P6P6 N6N6 P7P7 N7.!:!2.!~P-~!_8~:!_~_4 CAFr;:~t(T) (C~~.:;72) : / I l / I ___ ·-- s-•--
a I / I ., /I /I l 
/j 
I/ 
~~~~r.!+--t---1----+--+--+-+-t--h-/~I -+-+--+--+-~-
•I 
I / /I 
/I 
CArt: : ~~A(L) (c~!~!2)r.!+--t---1----+--+--+-+--t-+--+-+-+--t---1,--t-
• I /I 
j/ I/ ;!~:) r.:+-+--1--+--,-.+--+-+-t--+--+-+/~l+--t---1----+-/I 
.1 /I ., 
/ I /I /I CAf(r1J:~~A(H) (C~~~~Z)f-C:+--t----,---+--+'----'-+-~--+----+--+--l-+--t----,f---+-
• I /I I ., /I II 
IBI 
/I ~~~~r.!+--t---1f"---'-+--+--+--+--t--f/~l.,j-l~l/+-+-+---1----+-
.1 
. 2 /I I 
JU /I 
~ E&a•~;E&~h~A~&/£5J"O)]Jl~00-~t~&O)& 
fcilita'lff~power % t O)fflMtfa0)~5£*5-*o ( t : p < 0.05, t t : p<0.01, t. i li-fhi'hIE, j{O)fflMf*--to )if*!(/) 
ti:flj : caffeine, it>f!tifilj : placebo 
CAF(T ) ; caffeine ~ 4~:t&:Mi~f. CAF(L) ; caffeine ~-9-:'.J,':i:m .!&f. CAF(H) ; caffeine fi.!j.:k:S:m.I&f 
PLA (T ) ; placebo ~.!j.~lJtMi';!tM-, PLA (L); placebo ~.!j.j,':l:m 
.!&fr-. PLA(H); placebo ~.!j.:kjif~J&ms 
:"i:~#&~GtL~o.:.tLG(!)1-f:"i:~#~t~m~cl 
-c. 1 @ El c 2 @ El c (!) tit -9-rdl ~ ~ *¥= r: m~ 5E -it -r. 
cafeine m~ t ~~~ B .Ll7'-li!i1J~H l., 7j: 7J'-:;, t:. t:. ¥J-c·iJi.> 
~ c ~ x. G nt:.o -1J, cafeine ,±1tf!(!)~~J c ~ 7j: IJ ~ < (!)Jt11'1-?~~11'17j: c' 1:-e;-i n -c \,• ~ .:. C 7)' G' B ~(!) 
~j!°j(!)qJ-z"NJ!j!,:j'~~"Z"~ ~~~J-c·iJi.> I). it:., ~i,lt~ 
~iJ,~ B-5£:1:(!) cafeine ~ ~~ VCv• ~ blt-c·/i 7j: v• 
(!)-z", .:.nG~:i;., !-O-Jvi"6.:.c,±llft"Z"i.>-?t:.o 
.Ll __t ~ ~,.,. l , tit -9-JIJ{f (!) ~ w ': J: I) 1-f :"i: ~ (!) w .fJ!. l t:. 
-1.!c(!)~ nx:51i~. JJ!.\':i: rdl:tJHi 1:-'.) "' -c ,±. cafeine tit 
-9-,: J: 6 ~jJ-!Jl!(!)f~~(!)M*iJ' G ~>'i-l t:.o 
cafeine ,± theophyline -? theobromine c firHl, methyl-
xanthine ~~1*1:-\i;i" ~ 9'1;fi:t$*IJliJ!t~IJ 1." i.> 618l O -f (!) 
~~1tflc L-c, j,'_;_-c-,±*n~&:'i~J!.lf~-it~ftffliJ' 
i.> IJ, fM$~fl~~:1Ci ~-lt~Jt~iJHvk,:i" ~ t:.~. iltA 
-?:/l'H~~f!~ l-C~A9f'F~fl~$~jpJ__t ~-1t6o ~ G 1: 
~ :l:i" ~ c }!1 fit(!) Wf<l& fi~ 9'1 ;fi: ~ J!.'f ~ -It. 9'1 :i_;_ 1." 'i 
W1fil ~-e;-tr~-C (!) 9'1;fi:t$*Ilf-l:ftffl T ~ i9l o cafeine t'.it 
-9-,: J:-:;, -c Wfl.i" 6 ilH'Ffl 1: ,±, :,t;:M~-c·t.f,~ G nt:. J: 
"J ,:~t-'.)~(!)X~D. ~$:f·l'R:~. ;fiJPR7j:c'iJ,iJi.>6iJ\ 
:,t;:,!iJf~ (!).:. n G (!) Wfl.fi)j'. ,± placebo tit-9-(!) ~if c.lt'51'. 
l -c 1-f:"i: f: ~ < ,± 7j: 7)'-;) t:. O 
AEP (!) 9'1it~nx:51 ( 8 ~50msec) {!)J5~~imH:-'.) v• 
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-n± ~ < 0) ¥Ii 15 i"~ ~ a Picton G 20) 0) MLR ( q:i i B~ Bt 
It-) O)~fjtJt0)'6YJ1; T *~ !: T ~ t, ,WU x. l:f', Tompson 
G21.22>1± Pa (*li]fJEO) P2) O)~il!:~-t ~ ;r-. :1 O)jJJ 
~m~.!~j€0){fi!nJ/dP G, TJL~i~l5-40msec O)j}f.li, fljJij 
~•1ti:rnm: ~11aJ-t-f*ij&i-¥fJJtO)~s:B 1:.t-31;, -oc.i! ~ n, 
rlf.~-?ffltn"i~li*'ti~Jt. tY!JtWU~Tr1:1,b-fLHijP1 t: 
1:~ ~:. t i" G, ij&i~*~~i*EB*0)1[ft1:~ ~ t L -Cv· 
~o it.:. Jacobson GO)-~O)li}fJE23-25l'"('li, Na (*M 
JEO)Nl) il"&:WTT~it-t~O)!:ML-C, Pat±& 
WTt-*filtffT~~~OOOO~&:WT~OOt-t~tL 
-C 1;, ~ o -15, fiLlJ G26l !±, Na, Pa O)~'M' T ~ t.:. Lt.:. 
~,wu-e Ii, 7(ij&i-¥f;JtO)ftfl/j:fl~~ ~ 1;, !if!BO) ra,n&i!B 
m~,wu ,:~1 G n -c .t-3 f'), ~;m L -c:tJt~~il"~i~ G nt.:. 
:. t /J'>G, Na, Pa ,±ij&i~*~t!Ht/J"G7(ij&i-¥fjU:~~;lp 
tHtK:f~O)fitlJT N.~ Lt.:. t 0)1:~ ~ t ¥1i5 L -Cv• ~ o 
~ G !: ~it G 0)1iJfJE27l !: J: ~ t, P 2 fltn"t.: ~t 1: tj: < P 
3 fltn" t ij&i~*~~i*/J" G tl1*&:W~ ,:~ ~ *!~O)j5tlJ T 
N.~ L t.:. t 0) 1: ~ ~ :. t i"~ ~J?, ~ n -c v, ~ o 
AEP O)~it~fltn" (50msec tUf) Ii, ~DJi:-?Yi~, 
~tlW~t~ tj: c'O)f1H$'.:E.f1.~1¥J~IEI ,: J: ~ ~~ T~~t-?T 
< 28l, 7(ij&i&:WO)ft¥JLtj:iJ!~7)" G36'.:E. L -Cv·~ t 0) t ~ x. G h -C v• ~29l o AEP O)~i~flt7t0)3e(£.~7j !: -:) P 
-C !;if.14 O)miJ"~ ~ a Elberling G30l !i NlOOfltn" (*M 
JEO) N 4 ) 0)~7j T Heschl @, -:) i f') -*fij'tff 0)1[ 
1U!tJJ 0) t.:. ~!:'.:E. t: t.:. t 0) t L, Kooi G3l ,± Nl000) 
25-30msec 1& ,:~: ~ flij~J[~l*J 0)1t1Jo l¥J 7'j: i!tJJ !i, = 
*fij'tff'/.)'>3e~j'"(' ~ ~ t L -CV'~ O : 0) J: "J 7'j::. t 1J'> 
G, ~itG27),±, *MJEO) N 4 tJ1&0)fiJt7t!:'Jv•-C!i-* · =*filtffT~~~. J:f')ft¥fLtj:*~ElWfi~O)~ 
9e}j.f.i:-T N.~ L -C\.,)~ t ~«-Cv·~o 
*-liJf JE 1: !i, cafeine t -9-1&, AEP 0) ~ fltn"iB'f 0) 
1f!.[7'j:~1t,±~-Ci8:f~.R*fa1:~ f'), L /J'> b N 4, P 5 fiJt 
7t t v• -:d.:.*¥=5EO)~i~fltn"!:ai~ G nt.:.o :. n G O)flt 
n"iS'f!i, Davis29l, Elberling G30l, Kooi G31l , ~it G27l 
O)f&is"!: t ~~ J: "J !:, -*filtff/J"G=*filtff!:~ 
~ *I~ T q:i,i:, t -t ~ *ij&i&:WiJ!~0)~3eN_J;t, t N.~ L -C 
v' ~ o : 0) :. t Ii, *MJE !: .t-3 ~t ~ 11.!Jt·~ 0) cafeine 
O)t!:}il (144mg-297mg) /J"im'M'~1*1:1lflT ~ 1@ 
O)t!:}il (lOOmg-300mg)2lO)irilfl*J t v• "J, Yilt?OI~ 
!: ,;Uifl ~ T ~ _;_ 1: ~ ~:. t /J'> G, fil1fi J: f') t I,: 7(ij&J 
El W iE:~x ,: 1,@j1!¥J 1: 1tfl -t ~ : t t T 1§ L tj: 1;, *5 * t 
7'j: -:i -C v• ~ o it.:., 1f!.[ 7'j: ~1t Ii CAF(L)ff 1: lifi{tl 
t !:}1&6053-, 9071" 1:, CAF (H) ff 1: lit -9-1&3071" 1: li lJl 
L, -f h-f'h CAF (T) ff O)t !:}1&6053-, 9053-0) ~ 1t, 
t!:}1&30Jt0)~1tml;tl-fXL-Cv,t.:.a -ftj:bt, CAF 
(L)ff1:!i, Tmax !: LUit~~T ~ ~ra, J: f'J -*filtff 
T q:i,i:, t -t ~ *ijili&:Wi1!~!:1JHH1'-J1:ftfl L, -fO)f'J:fl 
il'>trbtT~O)i:*-tL, CAF(H)f-C'l:J: CAF(L)ffJ: f');i! 
-?/J'>!:-*filtffiP G =*filtff !:~~K:l~T q:t{, t T 
~ *ijili&:WiJ!:t:~,: 1,@j1!¥J 1: 1tfl L t.:.1&, ~,:i! !:-f O)f'J:fl 
il"i~*:T ~:. t T ~ L, ~ G !: CAF(T)ff0)~1t!i~ 
ff0)~1tO)~lD t L -C li;fl. L -C v• ~: t T ~ L -C 1;, ~ o 
tE* 0) ¥1i51: Ii, cafeine t !:} !: J: ~ AEP 0) ~ 1t !: -:) 
1;,-c ,±M~ t tj:-::, t.:.11.~~-?t-'3-.m.tj: c'O)!f~14/J"~ 
tj:-::,-C.t-3f'), -5EO)ia~iutil~Gh-cv,tj:v,o *MJEO)J: 
-J ,: , M~ T :'15 'Ii,: ~l5E L 'ti531J 0) ~ !El T ~~1i-Lt.:. iE 'M'1l 
~~ T cafeine Y .m.t?Ulf t cafeine 7(.m.t~If~f t !:53-
,t, cafeine O):V.m.t-'3-!: J: ~ AEP 0)~~8~~1tT¥!i 
15 Lt.:. b O)tiJe,v•li-t-f, ·f;:ij&;!:.t-3~t ~ cafeine O)f'J:fl 
S:B1:V: T, AEP ,: J: -::, -c ~ff-:· t !: *-7J ~ -C *¥=5E T ~ : t 
'/.)'>'"(' ~ t.:.o 
-1J, cafeine t -'3-1&, AEP 0) ~ fiJt 7t TI[,~ Fai fi ~fil 0) 
1f~l'j:~1tl±~-Ctl&~fili9'1:~-::, t.:.a CAF(T)ff1:!i N 
4 -P 5 fi ~i il"t-'3-1&9071" !: i 9' L, CAF (H) ff 1: t± N 
4 -P s fi ~i il"t !:} 1&60n", 9053-,: i 9' L -c v, t.:. o :. n 
G 0) ~ fiJt 7t ]Ji.~ Fai t1R ~fil 0) i 9' ! i, ff f :t5] AEP 0) N 4 fiJt 
JtO)t-'3-1&90JtO)~t1ifoJ~O)fijf:V: t, P 5 flt5tO)t!:j. 
1&6071', 90JtO)~'ti1ifoJ~O)fif:i t ~~/J"~ -o t ~ x. G 
nt.:.o it.:., :. 0)~1t,±, placebo 15t-'3-1&0)~1t t 1b ~ 
1W, L -C v• t.:. i'>, CAF (L) ff!: .t-3 v• -C t±, AEP 0) ~ fiJt 7t 
TJL~raiWafil0)1f!.[7'j:~1t,±!2.cl6 G ntj:IJ-.0 t.:.a tj:.t-3, 
placebo t!:}O)i:jif,:.t-31;,-CffJ5J AEP 0) N 1 -P 2 (* 
liJfJEO) N 4 -P 5) fi~filO)ifti!l9'/J"icl6 G h, : 0)~1t T 
·tl h (habituation) -? :Ji.# (fatigue) ,: J: ~ b 0) t L 
-C 1;, ~ $1i59•32liJ'> ~ -o o ~ G ,:, Walpaw G O),lijfJE9l'"(' 
ti, placebo tJ:}O)i:JJrer!:h. G nt.:.:. O)TJL~raifi~MO)i/ux: 
YiJ" cafeine tJ:}O)i:jif ,: !±~i~ G ;hl'j: 1J'>0 t.:.:. t ,:-:) 
v' -C, cafeine 0) 5i :1J 7'j: WU !i 0) JjJ :!;fH'>, 'tl h-? :Ji.# T t§ 
~ L -C v, ~ t fl. 15 L -C v, -o o : 0) :. t t ~o ~ 0) fiJt 53-if ~ 
0)~1t t T~if L -C~ x. ~ t, ~fO)t-'3-1&9053-t:.t-3 it 
~ fi~MO)ri:t',±*B'frai !: b t.:. -o ~.~O)*a*'.:E. t t.:.·tlh-? 
:Ji.'%'!: J: ~ t 0) t ~ x. G ht.:.a 
L il'> L, cafeine t-'3-f 0) "? 7:>, CAF (H) f-C' !i ~ic. 
i~~1: N 4 -P s fi~fil /J"t !:}1&60Jt ,: reu: ri9' L -c \.,) 
t.:.o g~33l1± cafeine t~~,:£--5 < JHf0)1&,:q:iflHUI 
t!PffU~~:b'.J"3e;fl.-f ~: t /J"~ -o t ~« -c 1;, ~ n\ : O)~ 
1tLi, nx:%if!f.J:-C:'!±t~li-C: ~ -/:t.iP-:> t:. cafeine 0)-*fi 
Jtf-/J" G =*ffi1tff !:£ ~ *.U! ~ q:i,C., t T ~ :kij~&:JjJi 
~i:M-t ~JPtiJil\ JJL~Faifi$i!:.i:3v)-C li:fl. LJ:.1:iJf~t!: 
i" et;~ :. t ~ IF L -C v) ~ o :. 0):. t iO" G, CAF (H) ff -C: 
~.~60 G nt:.~:f:t:t.~1tLiJ1.1&t:5 I~ Mcv)-C li:fl. LJ:1fP 
$1J1tfl t, frJ~O)·tlh~:Jit'fJO)~~!: J: ~ t 0) t ~ x. G 
ht:.o-15, CAF(L)f-C:!±, 'tlh~:Jit'fJO)~~il" cafeine 
0) q:i;ffH$tiw•1tm ,: J: 'J -c ~~ ~ nt:.:l*i~ ,: t:t.-:> -c ") 
~ t~x.Ght:.o :.0):. t J: fJ CAF(T)ffO)~:f:-/:t.~ 
1t,±fijfO)ftfl il"iir Lt:. t 0) t ~ x. G nt:.o 
Hermann34•35l ,±~!J:mO) q:if1~JUVA i:M-t ~ ftffi ~ ij~ 
it 0) 1" 1 -/ t: J: -:> -c 5tfi L -c v) ~ i\ :. 0) q:i -c: 
cafeine 0) ~ T ~ amphetamine ~ 0) psychostimulant 
-c:i±, f~itO)ifi!x.Y, cdtO)±~tm. ~v) ~ rtl±:f~i t:.i± 
±~ 110. ~ ") ~ rt , ±:f ~ 1 t:. , ±ifilx. :J;' t L -c ¥I -a L -c " ) ~ o 
--Jj, Iti136l Li, cafeine 0) J,i; T ~ psychostimulant ~ -C: 
Li, f~rt t cdtO)ifi!x.Y, ~ it0)±~1JDiJ"lf?,60 G h~ t ¥I-a 
L-Cv)~o caffeine~~!: J: ~niM&O)~{t:-::>v)-C!±, 
A~t[P]~, M&t-/:t.--:>~--~~~~;-/:t.~O)fi~ 
147'.l{~-/:t.-:> -c J3 VJ, -5EO)*a~!±1i G h -c v) -/:t. v)o fJU x. 
Lf, Hasenfratz G37li±40A 0)-t(tU:-::> v) -C, a, ~ it 0) 
mliti! t 8 power il"~1JD L, P power iJ'>~:J;'T ~ t ¥Ii-a 
L, -f 0) 1& 0) IP] ;tf O),pjf~3sJ 0) q:i -C:, cafeine 0) ~ 4 .m -/J" 
±~1JDT ~ 0)/:ffv) a, p itO)m.JitiU"±~1JDT ~ t ¥Ji-a L 
-c \.;) ~ 0 
:4(,pJfJt-C: ,±, caffeine~ 41& 0) ij~it t: .B ~t ~~ml rtif 
-;~power %0)~:f:t:t.~{t!±~-c. aw:f:tO) power 
%0)±~1Jot8, e, P~w~O)power %0)ifi!x.Y-C:ct;-:>t:.o 
:. O)~{t,± Hermann 0)$&-a34•35l t fifJ;J. L t:.~{t-C: cl;~ o 
it:., ~ it0)~1JDiJ{,£,f' Lt JtM7}($0) _t,n ~ :f:P-* L -/:t. 
\.;)39).: t 1P G, .: 0) ~ 1t ,± P2w ~ power % 0) ifilx. :J;' ~ 
1$-:> -c ,±v) ~ ~ 0)0), JtMJk~ ~ _t,n ~ -t ~ftffi t ~ x. 
G h, cafeine 0) Ii'* l¥J -/:t. t *~ 3zJ;!¥ L t:. *a* -c: &iJ -:> t:. o 
~ G t: Y; 0) cafeine 1* I& i: J: ~ p {iHt power % 0) ±~ 
1JD~f$b-/:t.v) am~power %0)±~1Jo,±, ~M~:ki~~fJE 
i1t ~ -lt:.*a=*-C: i± t:t. v)iJ, t ~ x. G nt:.a 
-/:t.B, WD7l,±, P~:.tliJ'>ij~it!:l}x.~tjJ=*!i, P~:.tl~ 
O)fl±f~f4~t1H$~:kl~!: J: IJ ~t:t. ~ ~ 0)0), JtMftffi t 
ilMftfl7'.l{[P]lf.¥:!:#1'f-t ~:. t t: J: ~t=*-c:~~ t~x. 
t:.o ~ G i: P~:.tl. -::> i fJ cafeine t IP] t ~H Ai-c: cl;~ 
nicotine iJ{ij~it i: 4 x. ~ t=* i: -:J v) -C, lJ D7l W~:.tl q:i 
0) ij~it 0) ~1w:f:t0) ;r-@~.j-power fi-o/:t5] 0) ifilx.~' i±, ~~ ,: 
~~~ nt:.ij~itO)B#.IP]WJ{tO)ifi!x.~'-C:ct; ~ t L, &lM1tfl 
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t L -C~~; L -C v) ~ o IP] t~Hifi-C: cl;~ cafeine !:-::> v) 
-c ,±-W G w•ftffi O)l-;.i)'>J& VJ _t~j' G h -c V' ~ iJ'>, w•1t 
flf.Hi-t:&lMftfi t #1'£-t ~ t v) -J ¥Ii-a~ et;~ o fJU x. tf 
Borbely G 4oJ t±, 7 ·y r i: J3 v, -C, ~,; 0) caffeine ~ 4 
-c: ,±WU!Ht=*£J-1H:&lMt=*il{#1f T ~ 1:iJf~t!: ~ IFui L, 
Czok41l !± :i - l:: -iJ"ilfHt=* ~ 1;r i:>, AHR~ u L 0 f,@ 
it T ~ 0) ,: 1~ rL -::> :f:J}j it i)'> et; ~ t L -c V \ ~ 0 i t:., 
Drabczynska G42l !± cafeine -/:t. t~ 0) methylxanthine fi 
iJ"ij~v)&lMt=* ~ IF Lt:. t $&-a L -C v' ~ o :. h G 0)¥Ji-a 
iO" G, :4(,pJfJtO) p2-;-:f:t power %0)iftocYi±, frT~O) *1t!K 
t$f.fJ1.tHtfl1iO)tJIJ$1Jftfi t !±5JIJ i:, cafeine O)jJtffft 
fl t t ~ x. G h, ~:.tlO)±J}j-fr t IP];tJ, cafeine !: t ~• · 
&JtMO)ftfi i)'>[Pj!f.J: i:#1'£-t ~ 1:iJf~t!:iJ{IFPi ~ nt:.o 
AEP ~ij~it!:.: h G O)~{tiJ"lilJ! T ~ fl lz;I !: -::> v' -C, 
cafeine q:il!lfO)*s=*li:fl. L t:.~~t!:O)~{t t ~!,I !:Ah 
-/:t. ~t h!i'-/:t. G -/:t. v)o cafeine ~ffi ~ i: eh-G h ~ cafeine 
q:i Wf 1& 0) i~U#. ~ ~:k t L -c , 11UH* I& 0) {f-J 181f.J: Fai 1& i: ~j 1fi 
iJ{ li m -t ~ 43):. t ,± J: < ~ ; n -c ") ~ .: t -c:, &iJ ~ o 1 t:. 
Goldstein G 0) $& -a44l i: J: ~ t , placebo ~ ~ ~ ~ h t:. 
cafeine ~m~,±, ·11Ui cafeine 1*1&1&~12-161f.¥:rai i" 
GJtMOCO)~T~m~. ~~~-/:t.~0)-~~:l*#li:ffl.L 
t:. t L -C v, ~ o ~ G i:, Reeves ;45l !± cafeine Jlffi ~ 
0) cafeine q:irtffiO)ij~itO)~{t t L-C, e, a ~m~O) 
*!~t power fW:iJ{~:f:t:±~1JD L, cafeine 1*1& ~¥JlflT ~ 
(: q:il!lfrJO)ij~it!:m;'J t:. (: ¥Ii-a L -c V' ~ O :. h!:M L, 
:4(,pJf~O)f,&'.~~O) cafeine q:i WfO)Wj rai 1± ,1 t Iv t'iJ{~ 
12-241f.J: Fai fJ_t -c: et; -:> t:. i\ ~ i: ~ ~:k t IDF x. ~ ~ !± t:t. < ,
it:., :4(,liJf~-C:fl G nt:.ij~iBlO)~{t± Reeve G 0)¥Ji-a45l 
t i±~t:t.-:> -c v' t:.o 
Ln" L, AEP O)gx;:5tiflf.¥:tij~it!:.i:3v)-C, CAF(L) 
f-C: I±, ~:f:-/:t. ~1t 7'.){ Tmax !: t§ ~ T ~ If.¥: rai t: li fl L, 
J: fJ -fO)ftfliJ{1#m'c L-Cv)f:.O)!:M L, CAF(H)tFF-C:!± 
~:f:-/:t. ~1t iJ" CAF (L) ff 0) ±JJir J: ~ !\i < li lJ! Lt:. f&~, 
~ i: i~ ~ Lt:. a :. 0) fmf f 0) ~:f:-/:t. ~1t 0) If.¥: rai 139 -/:t. f' h 0) 
Jmlzg t L -c, cafeine q:irtf1iO)fijfO)~~tU:~iJ{&iJ-:> 
t:.1:iJf~tt±~!±IJ~5E-C:~-/:t.v,o T-/:t.bt, CAF(H)ff 
I±, li'*~~:k-?ij~itO)~:f:-/:t.~{t-C: ,±Wf!f-C: ~ -/:t. v) v-« 
Jv-C:, cafeine q:il!lf1& cafeine i:M-t ~~~'l'iJ{JtJ1t L 
-C v) t:. 0) 't:' i ±-/:t. v , iO" t :ft i~tl ~ h t:. o :. 0) :. t 7J' G , AEP 
O)gx;5tiflf.J: U~itO)~{t!: -:J P-C, CAF(L) ff t:!2,60 G 
ht:.~:f:t:t.~1tiJ" cafeine -f O) t O)O)tjJ* t ~ x. G ht:. 
0) !: M L, CAF (H) tFF t: !2-60 G h t:. ~ :f: -/:t. ~ 1t !±, 
cafeine q:il!lf !: J: ~ cafeine i:M-t ~ ~~t!:O)Jt:ijtO)~ 
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II iJt cafeine i" (J) b (J) (J) ~11 * ~ {l~irli L t:. b (J) t b ~ x. G 
n t:. o i t:., 1W JZ0: (J) CAF (H) ff (J) ~ PX 5t (J) Ji-~ rai :J1Ui 
,: -:) 1,., lb, fi:ij:fl(J)~tliJtft:JJO ~ h l V' ~-:. c iJt~ x. G 
n t:. o cafeine ~ t -9-L t:. ~ ,g. (J) ~ Im ti£ ~:k ~: fMl T ~ fli 
-fs-43-45) (J)f ,± ~ v• iJ{, 4-@J (J)ijf~ (J) CAF (H) ff,: ;J3 "' 
l L:t, ~Utif~:k c L l ,±te:m U: < v•~:k!~"'C'~ 0 lb, 
i1ftJf.J,:~~tiJtJtJi L lv•t:.PJfj~tiJtlFUi~ ht:.o i 
t:., -tHJJ~lX L ij: "• J: ~ ij: ~*IJ ,: -:) v, l liJf ~ ~ lr ~ ~,g. 
,±~IJt L l, cafeine tj: c'(J)~H~(J) J: ~ ,:, -m-~ft-4 
(7)1*1*J ,: A~ ~*IJ ,: -:) 1., l ,± i.RW1 rai (J) q:i lf.lr"'C' ~ 0 lb, 
i°(J)~*'l ~ q:ifi-t ~-:_ C ,: J: 0 l~~·tiJ{JtJi-t ~ PJf~ 
'tiJt~ ~-:. t ~~gJt,:i < £,~iJt~ ~ t ~ x. G nt:.o 
cafeine (J) 1'F fl tl J¥; ,: -:) v' l ,±, norepinehrine46l, 
dopamine47l, serotonin48l , GABA 49l , adenosine50l ~ c' 
(J) neurotransmiter c (J) 00 {,3{; ,: -:) v, l (J) ¥11 -a iJ{ ~ ~ iJt, 
-5E(J) flWHH~ G h l v• 7'j: \.t•o -1J, j_ 1W ,± cafeine 7'j: 
t' (J) methylxanthine ~ ~ 1* iJ{, phosphodiesterase ~ 
~Jl ~ T ~ -:. t ,: J: 0 l cyclic AMP tj: c' (J) fi ~:k nucleo-
tide ~:t~:JJo ~it~ t ~ x. G h l 1., t:.19liJ\ q:ifJHUffi(J) 
tUH~Ji ,: ;J3 v• l adenosine ~ q:i,t, c T ~ nucleoside, 
nucleotide 1,1r5_mH!1Jf!JIJ'ti ~ lFT-=. c 1,1r~ G iJ, : 7'j: 0 t:.50l 
t:. r/J, lili: ,± methylxanthine ~~t,± adenosine ~~ 
1*~@Ji~lf.lr-t ~ 1tfl (J) ,:t ~ 1,1r5_m1., t \.,\ b n l \.,\ ~ 51) 0 
-=. (J) *5 *· adenosine ~ ~ 1* t ,@-EB }e tJ'G ~ c L l (}) 
cafeine (J) 1'F fl49·52liJr i § ~ h ~ J: ~ i: 7'j: 0 t:.a 
adenosine~~t,±, :m1£"'C',±A1, A2A, AZB, A3,:5t 
ffi~h. -f(J)~~fu~~1*~~<3--::)(J)~~1*(J)~fl 
iJ{ cafeine 7'j: c'(J) methylxanthine ~~1*"'C'}e}J'G ~ h~ 
-:. t iJ{11J ~ L l v, ~ 5zl o 
:;zt(ijf~ (J) AEP t R&i& "'C' ,±, cafeine (J)-Ai:tJf.J 7'j: ~~ 
1tfl "'C' ~ ~ JJPl1tffl (J)f1iH:iJUl·1tfl iJ{fPJ~ ,:1f1fT ~ PJ 
fj~·tiJ\ it:., CAF(H)ff,:--:)v•l!±, ~l11i(J)jl'.1Jf!JIJ1t 
fl t cafeine q:ifi,: J: 0 l lilJ! Lt:.~~'ti(J);[Ji(J)~I! 
iJ{1f1fT ~ PJfj~·tiJri"hJf'h~!~ ~ nt:.o it:., -:. n G 
(J)~1t,± cafeine (J)t-9-_;_1,1t1VJJZ0:(J) J: ~ ,:j.,_;_ "'C'~ 0 t:. 
t:. r1J, 1d&!St w. ,: m{mi L l ~a~"'(:~ t:. b (J) "'(: ~ -::i t:. o -
1i, *R&i&:W. i: ~*l!t i:1f1fT ~ adenosine ~~1*,± A1 
~~1*"'C'~~5z)-:_ t iJ,G, -:.ti,G(J)~fti:,± A1~~1* 
iJ{rfl{* L l P ~-=. c iJtlF~ ~ :hJ:.o l iO' l, adenosine 
iJ{ A1~~1* ~ 1r L l {iB(J) neurotransmiter (J):fRli (J)~ 
ifrH: bi*< 00 b -::i l v• ~ 52)-:. c tj: t' ~ ~ x. ~ t, A1~ 
~1*~ adenosine (7)00{,lt-:t"'C'L:t-=. h G (J)~{t ~ i#)lA-f 
~ (J) ,± lilft "'(: ~ ~ 0 cafeine ,±ft-4 (J)~j5 ,: Jtili: i"j:~~m 
"'C', ± ~ ~ iJ\ -f (J) 1t fl tlJ=t;, ± *I~ "'C' ~ ~ , 4-1& b tj: i3 :t~ 
~~ ~ c~x.Gh~o 
PXAJHi'f@-m-*11~~25~ (T ff) ~ ~ t L, cafeine 
(J){f.f D t lg.,: J: ~ Jf!@1i:t1~~11tft (AEP) t niM& (J) ~ 
1t ~ :t~it L f:.o T ff~ 1 B ~ t:. ~ (J) cafeine f~*_;_ ,: 
J: 0 l j.,'.m.f~*ff c 7(.m.f~*ff (L ff : H ff) t i: ?tt, 
i t:., double-blind cross-over design (J) b t "'C' cafeine 
tlg.ff t placebo tlg.ff (CAF(T)ff: PLA(T)ff) c 
i:?tt:.o fPl**':, Lff (CAF(L)ff: PLA(L)ff), H 
ff (CAF (H) ff : PLA (H) ff) ,: -:) v• l b :t~it l t:.o gJ{ 
&:J:.(J) (Cz-A1+2) 1ti:t'PI~~. (Cz-T5) ~:t'PI~~iJ, G 
AEP t ij&i& ~, t-9-lW, t-9-1&305t, 605t, 905t ,: -:) 
v•lm~tJf.J,:~cJJ L, ta=*~;t,c!tJf.J,:9l1:l:J. lt:.o 
1. cafeinet-9-1&(7) AEP (J)~PX5tiS~(J)ff:f:i"j:~ft 
,±~li~i.R~"'C'~·-:d:.o CAF(L)ff-c-i±, -:f(Jf!@J'Ut 
~ q:i,t, c T ~ *R&l&W.iJt~,: 1JtJitJf.J ,:ftffl L, -f (J)ftfl 
iJrt;rdcT ~ t ~ x. G nt:.o-1J, CAF(H) f"'C'!±, cafeine 
t-9-1& CAF(L)ff J: ~ :ifil~iJ, i:-:J(]f!@JtffiJ' G =:fzm@ 
11:f ,: ~ ~ {f.f~ ~ q:i ,t, c T ~ *ij&l&: jJi~ ,: fiJi tJf.J ,: ft 
fl Lt:.1&, iti1H:i"(J)f'FffliJ{i~~T ~ t ~ x. G nt:.o 
2. AEP (J)~PX5tJi,~raifi~M(J)f:f: tj: ~1t!±~ltJHi 
ilt:'J,'"'C'~0 t:.o ~ff(J)t-9--1&9o5t,:Jst ~fi~Mi:'J,'t±, 
N:~ra, i:bt:. ~ ~.~(J)*a*~ t t:.tlh~~jfiJ{j]{lzg"'(:~ 
~ t ~ x. G nt:.o it:., CAF(H) f"'C'ifr/J G nt:.f:f:i"j: 
~1t!±, J!.lf1&t:1;l ~mcv'l teJJ! Lt:.jl'.IJfflH'Ffl t, -tin 
~~#(J)~tli: J: ~ b (J) t ~ x. G nt:.o -1J, CAF(L) 
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1t1Jo ~ n l v• ~-:. c iJ{~ x. G nt:.o 
5. :,f:(,EJfJE (J).:. tL G (J) ~1t ,: ,±, caffeine ,: adenosine 
~$1*lJ'.irB'-JtEt1L~ c L -C (J)ftffl if~~ .:. c -/p G, *ij~ 
&:Wt:~W,lt:trtET ~ adenosine A1~$1*1Yfl~l} L 
-c v' ~.:. C i,){5FPt ~ nt-:il\ A,f&t~i-t ~ ~T ~ C ~ ;z_ G 
nt-:o 
:,f:ciJfJE,:"Jv'-C, ~~*$~$!~1hI~1$~$~~(J) 
~~~fl;~~ft(J)tit.J c ~ti. iIEH$-=f-.!l}J~(J) data 921: 
:f!~(J)~l}t:iJjf& Li-to 
*~~x (J) ~ '§' ,±. ~4o@ i:r oo . [2g oot~1$1$*1$~ 0997 
$, lJL f~~) t: .t3 i.,-c Je* L t-:o 
1. ~f**· *~§~:n7x1/~f¥(J)-M. 7~ 
:1 - Jv c ~~?JJftr. 22 : 128-135, 1987 
2. *i?funflJ, ~t~:J't~. ~D. ~H:§: ~.m,i:.,~ q:-t 
/T /,¥~~1J. ¥6~~7.:. .1 7 Jvl997 (~?fun 
flJ, ~t~:J't~. ~D. ~t§ *i), 1997$Jtli, ~$•~. W:J?:, 1997, pp. 261-265 
3 . Greden, JF. : Anxiety or cafeinism :  A diagnostic di-
lemma. Am. J. Psychiat., 131 : 1089-1092, 1974 
4 . Reimann, I . A. : Cafeinism, a cause of long-continued, 
low grade fever. JAMA, 202 : 131-132, 1967 
5. Lorist, M.M., Snel, J. Mulder, G. and Kok, A.: Aging, 
cafeine, and information processing: an event-
related potential analysis. Electroenceph. Clin. 
Neurophysiol., 96 : 453-467, 1995 
6 . Lewis, E.G., Dustmann, E.R. and Beck, E.C. : The 
effects of alcohol on visual and somato-sensory 
evoked responses. Electroenceph. Clin. N euro-
physiol., 28 : 202-205, 1970 
7. wo~w. E~•t. ~~  itEHA-=f-~:A~ 
( Jf!t Jt t ~Jeffi: ft) .t3 J: U'M~ i& ~ (J) 1~HI (J) tJJ *. 
[Zg@il~[t, 49: 36-51, 1993 
8 . Bruce, M., Scot, N., Shine, P. and Lader, M. : 
Anxiogenic effects of caffeine in patients with 
anxiety disorders. Archives of General Psychia-
try, 49 : 867-869, 1992 
9 . Wolpaw, JR. and Penry, J.K. : Effects of ethanol, 
cafeine, and placebo on the auditory evoked 
response. Electroenceph. and Clin. Neurophysiol., 
44 : 568-574, 1978 
35 
10. Tharion, W. J., Kobrick, JL., Lieberman, H.R. and 
Fine, B. J : Effects of caffeine and diphenhydra-
mine on auditory evoked cortical potentials. 
Perceptual and Motor Skils, 76 : 707-715, 1993 
11. i:rWi!, !HE.9R, :fi:Jl0-, 1i<Jt'-k ftH: ~1it1*: 
A(J)Jf!!tjtt~3ei[ft (AEP) c ij~f&(J)'ti~. 
[Zg@il~[t, 52 : 1-13, 1996 
12. ~"**· *if~.e~. ~01i.-: m1$5H~m(J)ia~ 
*I:i@H:&r-t n 7 x 1 / .t3 J: U'n 7 x 1 /ix.:¥-4 
(J)~fl. Wi;Wm1$~$. 13 : 1595-1604, 1984 
13. Truit, E.B. : The xanthines. In : Dril's Pharmacology 
in Medicine (Dipalma, JR., ed.), 4 th ed., McGraw 
Hil Book Co., New York, 1971, pp. 533-556 
14. American Psychiatric Association: Quick Refe-
rence to the Diagnostic Criteria from DSM -N, 
Washington D.C., 1994; ~;jt~_e~, *ff1fr, ~ 
~~  (Wt): DSM-N m1$~~U!,(J)5tfi c ~ 
IYf(/)~5 I,~$•~. W:J?:, 1995, pp. 99-100 
15. Jaspar, H.: Ten-twenty electrode system of the 
international federation. Electroenceph. Clin. 
Neurophysiol., 10 : 371 -175, 1958 
16. *~l*lflJ§, ~Hi~-: AEP (Jf!!tJt'ti~Jeffi:ft) (J) 
~tRB'-J~ci~(J) t-: cYJ (J) 10-201t,)U!d: J: ~ 11t,i@c 
ti:. l2900~it, 41 : 215-227, 1985 
17. Goldstein, R. and Rodman, L.B.: Early components 
of averaged evoked responses to rapidly re-
peated auditory stimuli. J Speech Hear. Res., 
10: 697-705, 1967 
18. Rol, T.W.: The xanthines. In: The pharmacological 
basis of thrapeutics (Goodman, L.S. and Gilman, 
A., eds.), 6 th edition, Macmilan Publishing Co. 
Inc., New York, 1980, pp. 592-607 
19. ~~~  ~ -~ : 7J 7 i 1 / (J)~:f!ftffl. ~~ :J -t -
-J-Jv, 21 : 1705-1709, 1985 
20. Picton, T.W., Hilyard, S.A., Krausz, H.I. and Galam-
bos, R. : Human auditory evoked potentials. 
I : evaluation of components. Electroenceph. 
Clin. Neurophysiol., 36 : 179-190, 1974 
21. Thompson, RF. and Sindberg, RM. : Auditory re-
sponses fields in association and motor cortex 
of cat. J. Neurophysiol., 23 : 87-105, 1960 
22. Thompson, RF., Johnson, R.H. and Hoopes, J.J. : 
Organization of auditory, somatic sensory, and 
36 
visual projection to association fields of cere-
bral cortex in the cat. J. Neurophysiol., 26 : 343 
-364,1963 
23. Jacobson, G.P. and Grayson, A.S.: The normal scalp 
topography of the middle latency auditory evoked 
potential Pa component folowing monaural click 
stimulation. Brain-Topogr., 1 : 29-36, 1988 
24. Jacobson, G.P. and Newman, C.W.: The decomposi-
tion of the middle latency auditory evoked 
potential (MLAEP) Pa component into superfi-
cial and deep source contribution. Brain-Topogr., 
2 : 229-236, 1990 
25. Jacobson, G.P., Newman, C.W., Privitera, M. and 
Grayson, A.S. : Differences in superficial and 
deep source contributions to middle latency 
auditory evoked potential Pa component in 
normal subjects  and patients with neurologic 
disease. J. Am. Acad. Audiol., 2 : 7-17, 1991 
26. fiLLJWL:*:, rm~~. :t@>t1Vf-, s*·tgYft 1m : mM$ 
ft~W~~ffi~0~m~e~~~•&0~*~ 
Jt~t:-:Jv)-C.ij&Ji&:c~j'j-~, 14: 157-165,1986 
27. ~'it:iEA, 1UHk~-. tlWiJr~µ], */ ;f:fuE:~r 1li: 
Mianserin hydrochloride .;13 J: rJ' Sodium val-
proate 011)!t~tl:~~-1:it (AEP) .;13 J: U]&li&: 
~0~.tiJ.":tJ*· lmOO~it, 53: 27-41, 1997 
28. Picton, T.W. and Hilyard, S.A.: Human auditory evoked 
potentials. I : efects of atention. Electroenceph. 
Clin. Neurophysiol., 36 : 191-199, 1974 
29. Davis, H.: Principles of electric response audiometry. 
Annal. Otol. Rhino!. Laryng., 85 (Suppl. 28) :  5 -
96,1976 
30. Elberling, C . Bak, C., Kofoed, B., Lebech, J., et al.: 
Auditory magnetic fields from the human cerebral 
cortex: location and strength of an equivalent 
current dipole. Acta Neural. Scand., 65 : 553-
569, 1982 
31. Kooi, K.A., Tipton. A.C. and Marshal, R.E. : Polarities 
and field configurations of the vertex compo-
nents of the human auditory evoked response : a 
reinterpretation. Electroenceph. Clin. Neuro-
physiol., 31 : 166-169, 1971 
32. Riter, W., Vaughan, H.G., Jr. and Costa, L.D.: 
Orienting and habituation to auditory stimuli : 
a study of short term changes in average 
evoked responses. Electroenceph. Clin. Neuro-
physiol., 25 : 550-556, 1968 
~-s£9ft:~~~~~0M~-~~-~ ~~ 
~. 18: 337-346, 1989 
34. Hermann, W.M.: Entwicklung und kritishe Bewertung 
eines objektiven Verfahrens zur 
elektroenzephalographishen klassifizierung von 
Psychopharmaka. U niversita tsklinikum 
Charlotenbrug der Freien Universitat Berlin, 1980 
35. Herrmann, W.M. : Development and critical evalu-
ation of on objective procedure for the electro-
encephalographic classification of psychotropic 
drugs. In : Electroencephalography in Drug 
Research (Herrmann, W.M. ed.), Gustav Fischer, 
Stutgart,1982,pp.249-353 
36. Itil, T.M. : Quantitative pharmacoelectroencephalo-
graphy. (Use of computerized cerebral biopo-
tentials in psychotropic drug research). In : 
Psychotropic Drugs and the Human EEG (Itil, T. 
M., ed.), Mod. Prob. Pharmacopsychiat., Karger, 
Basel, 1974, pp. 43-75 
37. Hasenfratz, M. and Batig, K.: No psychophysiologi-
cal interactions between cafeine and stress? 
Psychopharmacology, 109 : 283-290, 1992 
38. Hasenfratz, M. and Batig, K.: Acute dose-efect rela-
tionships of cafeine and mental performance, 
EEG, cardiovascular and subjective parameters. 
Psychopharmacology, 114 : 281-287, 1994 
39. ~~:iEc: [iJ]l1H$• c mM&:.1$*.If1H$-~. 3 : 323-
348, 1981 
40. Borbely, A.A., Jost, M., Huston, J.P. and Waser, P.G.: 
Caffeine and chlordiazepoxide : effects on mo-
tor activity in the chronic thalamic rat. Naunyn. 
Schmiedebergs. Arch. Pharmacol., 290: 285-
296, 1975 
41. Czok, G.: Kafee und Gesundheit. Z. Ernahrungswiss, 
16 : 248-255, 1977 
42. Drabczynska, A., Pawlowski, M., Gorczyca, M., Malec, D., 
et al. : Synthesis and preliminary pharmacological 
screening of some 8 -substituted methylxanthines. 
Pol. J. Pharmacol. Pharm., 41 : 385-394, 1989 
43. Greden, J.F., Victor. B., Fontaine, P. and Lubetsky, M.: 
Caffeine-withdrawal headache : a clinical profile. 
Psychosomatics, 21 : 411-418, 1980 
44. Goldstein, A., Kaizer, S. and Whitby, 0.: Psychotropic 
effects of caffeine in man N. Quantitative and 
qualitative differences associated with habitua-
tion to coffee. Clin. Pharmacol. Ther., 10 : 489-
497, 1969 
45. Reeves, R.R., Struve, F.A., Patrie, G. and Bullen, J.A. : 
Topographic quantitative EEG measures of 
alpha and theta power changes during caffeine 
withdrawal : preliminary findings from normal 
subjects. Clin. Electroencephalogr., 26 : 154-162, 1995 
46. Berkowitz, B.A., Tarver, J.H. and Spector, S.: Release 
of norepinephrine in the central nervous system 
by theophylline and caffeine. Eur. J. Pharmacol., 
16 : 315-321, 1971 
47. ,J-_L1Jffiif:1e, #*'~· 1JD~~~fr. ffiffi~IJ:1e 1ill: 
Dantrolene (J) q:i ffi: t$ *I ft JfJ ~: ~ -t ~ 1iJf ~ 
- =J 'J r *l ~ 1* dopamine 1N. lli ~: & t! -t 
caffeine,dantrolene (J) ~ ~ - . ]ff~ c ~ ~. 32 
rnu-mt:im~34-ffit) !1M1~~,pjf~(J)Ji~ X IX : 39-
37 
43,1996 
48. Yokogoshi, H. and Kato, Y.: Dose-dependent changes in 
brain 5 -hydroxyindoles caused by caffeine in rats. 
Biosci. Biotech. Biochem., 56 : 2083-2084, 1992 
49. fiaff3% : Caffeine ~= J: ~ 7 7 ,7, (J)M~ i:M-t ~, « 
:;.,, '/:J 7-l±' t:°:;.,,, GABA .:13 J: "(J' NMDA 1:?&1* 
fttJJ~ c ~tJL~(J)~~- ~!J=m · t1H$ · frtJJ (Jpn. 
J. Psychopharmacol.), 12 : 199-205, 1992 
50. Phillis, J.W. and Kostpoulos, G.K.: Adenosine as a 
putative transmitter in the cerebral cortex. 
Studies with potentiators and antagonists. Life 
Science., 17 : 1085-1094, 1975 
51. Daly, J.W., Bruns, R.F. and Snyder, S.H. : Adenosine 
receptors in the central nervous system : rela-
tionship to the central actions of methylxanthines. 
Life Science, 28 : 2083-2097, 1981 
52. ffliJ ffi!i~.l : q=iffi:f$*-l;fd: .:13 ~t ~ 7 7' / ~:;.,, (J)fUH~ 
jip:j)i!JIJ, 1JE:imftffl . .::.. .1 - O r 7 :;.,, ,7, ~ 'J '7 - · 
r '7 7'1 (1t$*-ItFH$~l.!J !Mi•~~~ *i), 
~fD!fJi!i,J;f!J?,:,1997,pp.265-272 
38 
The effects of caffeine on the human Auditory Evoked Potential (AEP) and EEG 
Kazunari Yamanishi, Yumiko Izaki, Masao Okura, Takumi Ikuta, and Koji Edagawa 
Department of Neuropsychiatry, School of Medicine, The University of Tokushima, Tokushima 
(Director : Prof Takumi Ikuta) 
SUMMARY 
We studied the effects of caffeine on the central nervous system by auditory evoked 
potentials (AEP) with 25 healthy male subjects (T-group: 24-44 y.o., mean caffeine 
consumption: 251.4 mg/day). According to the DSM-IV criteria for caffeine intoxication, T-
group were devided into the light (L-group: 11 subjects, ~250 mg/ day) and heavy consumer 
group (H-group: 14 subjects, >250 mg/ day), and into caffeine (CAF-group) and placebo 
administration group (PLA-group) according to a double-blind cross-over design. EEG 
containing AEP was recorded through the two deviations (monopolar : Cz-A1+2, bipolar : 
Cz-Ts); before and 30, 60 and 90 min after the oral administration of caffeine or placebo (3 
mg/kg of B.W.). Consecutive changes of the latencies and amplitudes in group mean AEP 
were studied. Those of individual AEP were subjected to the component analysis, and to 
the statistical assessment with reference to the EEG power% changes. 
1. After the administration of caffeine, CAF-group had a significant decrease in N 4 (= 
N 1, latency: 95-125 msec) and P 5 (=P 2, latency: 160-200 msec) latencies of long latency 
components, followed by a decrease in N 4-P 5 amplitudes of AEP, which indicated that 
there was a post-exciting inhibitory effect in CAF(H)-group. In EEG, a power% significantly 
increased, whereas 8, 0 and ~ power % significantly decreased. These findings indicated that 
caffeine might have a sedative effect as well as the exciting effects on the primary and 
secondary auditory cortex. 
2. CAF(H)-group had significant changes in latencies of AEP and EEG only 30 min 
after the administration of caffeine, whereas CAF(L)-group had these changes over 60 min 
after that, suggesting the hypersensitivity to caffeine by the interruption of caffeine 
consumption. 
3. These changes seemed to be assciated with the effects of caffeine as an adenosine 
A1 receptor antagonist in the cerebral cortex, although further investigation on the neuro-
transmitters related to caffeine should be expected. 
Key words : auditory evoked potential, EEG, caffeine, auditory cortex, hypersensitivity 
